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Chapter I - Introduction

Meny curriculum reforms have in the history of our schools been
accompenied by confusion about just what they were supposed to accomplish
and by ignorance about the feasibility of trying to accomplish whatever it
was they were doing at the level at which they were trying to do it.

In instituting the Critical Thinking Readiness Project it was our hope
to do what we could to help avoid these two dangers in the attempts to
introduce instruction in eritical thinking. Our primary gosls in this ™

project are to contribute to knowledge about what criticsl thinking is and L.

/
¢

to knowledge about when it can be taught. This report, covering the first
phase in our attempts to achieve these goals, deals with deductive logic - °
and adolescents (age 10-18). k?
A more specific list of the purposes of this phase follows. Some of
these purposes are subsidiary and some are complementary to the above-
me’ tioned pair of goals, as limited for this first phase.
1. To become more clear sbout the nature of deductive logic, as
used in ordinary reasoning and to compare this analysis with Piaget's
to see whether we were talking about the same thing.

2. To find out when students are ready to mester principles of deductive
logic..

. To be clear about the concept, readiness to msster a principle.

To build logic tests suitable for use in this'study.

To provide an operationael interpretaticn of'mastery of a principleﬂ

a\\.ns-w

. To investigate the degree of mastery of principles of logic
currently found smong students of ages 10-18.

In this report there are no definitive answers to the quescions implied
by those purposes, but two genersl principles have clearly emerged as a
result of our efforts:

1. In this area of study there are many conceptual pitfalls for the
unwary.
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2. Answers to the questions implied by the sbove list of purposes '
are of the 'that depends' form. For exemple, the answer to the
question about when students are ready to learn deductive logic
depends not only upon the type of logic, but also upon the -
principle of logic within that type. In his developmentsl
studies of knowledge of logic, Piasget distinguished only among
types of logic, making rather broed statements about these types.

This report of our efforts to achieve these purposes is divided into
eight chapters. Each chapter is fairly self-conteined, but is best under-
stcod in conjunction with the others. Probably the best order of reading
is to start with this, the introductory chapter; them to read the last, the
summary chapter; and then to read the other chapters in order (Chapters
II to VII). The middle chapters, which make up the body of the report,
are in a plausible sequential order. Here is a list of the questions dealt

with in Chapters II through VII, and a list of the corresponding chapter

headings:
Questions Chapter Heading__g_
I. Vhat is to be found i;z the report? INTRODUCTION
II. What is the nature of the logic content THE SUBJECT MATTER:
we were trying to convey and how does I10GIC

this compare with Piaget's notion of logic?

III. Who were our subjects and how did we secure BASIC DATA ON SUBJECTS
information asbout them?

IV. Whot ie the nature of the tests used to THE CORNELL DEDUCTION
measure knowledge of logjc, and how did TESTS
we operationally interpret 'mastery of s
principle of logic'?

V. What sort of development of knowledge of THE NATURAL-CULTURAL
jogic occurs without deliberate instruction DEVELOPMENT OF
in school, that is, as 8 result of what we KNOWLEDGE OF LOGIC
have called "mstursl-cultursl influences"?
How does this development vary for different
principles of logic, and how does it vary
with the content of the propositions used in
reasoning?
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Questions ) Chapter Headings

VI. Vhat principles of logic were our subjects THE DEVELOPMENT OF
ready to master, given 15 deily periods of READINESS TO
instruction in logic? And what sorts of MASTER LOGIC

content were they ready to reason with?
What are other students ready to master,
given comparable instruction? What is the
meaning of 'readiness for mastery of a
principle'?

VII. What happened in prior years that led up THE PAST AND FUTURE
to the work directly reported on here. PLANS OF THE PROJECT.
Whaet is next?
VIII. Briefly what appears in this report? SUMMARY

In orgsnizing this report we considered having a chapter on the
statement of the problem, one on relsted research, one on procedures, one
on analysis of data, etc., but decided against this approach because it would
fragment the focuses of concern. Instead each chepter contains, if appropriate,
a section clerifying the problem, a section on related literature, a section
analyzing key concepts, etc. This we believe gives the report greater unity
than it otherwise would have and makes for less page turning on the part of
the careful reader.

In much of the work reported on here, we were exploring virgin territory,
and found that we were spending a good deal of time on questions prior to
the actusl standard experimental sctivities of doing and observing. These prior
questions involved clerification of questions and concepts and their
operational interpretetion (including test construction). Although our
empiricel findings are important, perhaps the greater contribution of
this study liee in the suggestion of ways of approaching the readiness
question, and in the clarification of concepts basic to the empiricel work.

Actually this study only opens the door to a vast array of investigations.




Chepter II. The Subject Matter: Logic -

-

In this chapter we shall first examine the nature of our general concern,
critical thinking, indicating the role played by deductive logic; theﬁ we shall
exam:lne"ﬁeductive logic itself, discussing the nature snd importence of various
types, and comparing the logic we taught with that which Piaget investigated.
Throughout we shall sttempt to avoid decisions thet commit us to a stand on some
of the contemporary issues in the field of logic. Although we do have opinions
gbout many of these issues, the actual criteris that we use (especially our test
items) should be acceptable to the msjor contending positions in contemporary
logical theory.

A. AN ANALYSIS OF CRITICAL THINKING

Our analysie of critical thinking springs from the basic notion put forwerd
by B. Othanel Smith: "Now if we set about to find out vhat.../ s/ statement means
and to determine whether to accept or reject it, we would be engaged in thinking
which, for lack of a better term, we shall call critical thinking." (1953, p. 130).
Note thet this notion of Smith's implies a distinction between critical end
creative thinking. In critical thinking, the item to be evaluated has already
been produced.

This distinction between critical and creative thinking enables one to divide
in two parts the problem of teaching people to be good thinkers. Each part is of
course quite importent and in practice the parts are quite interdependent. But
for purposes of careful investigation, it is helpful to separate out this part
(critical thinking), for the judgment of which there are already fairly well
established criteris.

A minor difference between our notion of criticsl thinking and that which
Smith presents can be found in the fact that we f:ave included the idea of pro-
ficiency in ours, vhereas Smith does not require that the determination about
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vhether to accept or reject be done properly or well in order that critical
thinking take place. We believe that our notion is more in accord with everydsy
usage, but feel that so long as one is clear about which notion he is using and
makes sure that the rest of the theory fits the notion selected, either notion
is workable.

Accepting this basic notion ae revised, the principal investigator has been
developing and refining a list of abilities which characterize the critical
thinker. The following list represente the current state of this investigation.
Although it is fairly self-explanatory, one might want to seek clarification in
the selection, "A Definition of Critical Thinking" (Ennis, 196ka), or in the more
theoretical analysis, "A Concept of Critical Thinking" (Ennis, 1962).

A criticel thinker is characterized by proficiency in judging whether:

1. A statement follows from the premises.

2. Something is an assumption.

3. An observstion statement is relisble. )
h. A simple generalization is warranted.

5. A hypothesis is warranted.

6. A theory is warranted.

T. An argument depends on an ambiguity.

8. A statement is overvague or overspecific.
9. An alleged suthority is reliable.

Although the basic notion, ss revised, calls for the inclusion of proficiency
in Judging value statements, for the time being that proficiency is excluded from
our list because value statements constitute one area vhere fairly well esteb-
lished and agreed upon criterie do not exist.

Deductive logic, the subject of the current study, is a centrsl part of
critical thinking, as snalyzed sbove. First of all, since it desls with the
question of vhether s statement follows necessarily from spother stateu_ent or

. l{llC stetements, it is at least centrel to the first of the Aine aspects listed above.

Full Tt Provided by ERIC.
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However, though opinions moy differ on this mastter, deductive logic does
not seem to us to exhaust this espect of criticel thinking. Although logic is
@ guide, the validity of most real arguments sppears to us to depend on other
considerations. The connection between the premises and conclusion does not
geem as strict as that in the model provided by deductive logic. The correct-
nees of this claim sbout the relstion between premises and conclusions and the
nature of the relationship that does exist are important topics for philosophi-
cal research. But regardless of the outcome of this resesrch it must still be
granted thot deductive logic plays at lesst a major role in the first aspect
of critical thinking.

Secondly deductive logic plays en important role in the cther aspects as
well. Among other things, it is & constituent of the application of the cri.
teria and/or principles of the other eight aspects.

Frimerily beceuse of its centrelity in critical thinking, but also because
its criteris seemed to be in more suitab’e shepe then the criteria for other
aspects of critical thinking, we picked deductive logic as the first thing to
be investigated. It is our hope to perform and/or to stimate parallel and
complementary investigations of other aspects of critical thinking. ‘

B. TYPES OF DEDUCTIVE LOGIC

‘For purposes of this study the following explanation of the meaning of
'deductive logic' will suffice: Deductive logic is concerned with whether a
statement follows necessarily from one or more other statements. A statement
follows necessarily, if, and ornly 1f, its denial contradicts the assertion of
the other statement(e).

Three recognized types of deductive logic are sentence logic, class logie,
and ordinal logic. These types are often called by other names, the name de-
pending sometimes on one's philosophy of logic, but these names will serve to
identify three types of logic which are often so grouped.

ERIC

Full Tt Provided by ERIC.



IXel

l. Sentence Ioﬂg_.

Sentence logic is concerned with arguments in which the basic units sre
sentences. That is, distinct sentences, often connected or modified by such
logical connectives ag 'if', 'only if', 'then', 'and’', 'or', 'not', and 'both’,
appesar essentially unchanged throughout the course of the srgument. Here is en
example teken from "The Cornell Conditionsl Reasoning Test":

Suppose you know that

Tom may use paints only if he has cleaned up his clay work.

[od]

Tom mey use paints.
Then would this be true?

Tom has cleaned up his clay work.
In that series the two sentence3, "Tom may use peints" and "Tom (or he) has
cleaned up his cley work"”, each appear twice. In the first of the two given
statements they are joined by the logicsl connective, "only if", but these two
basic sentences appear essentially unchenged throughout the course of the argu-
ment. Hence this is e case of concern for sentence logic.

Sometimes sentence logic itself is broken up into parts, depending on the
logicel connective vhich is used. When the connective is 'if', 'only if' y OF
'if, and only if', ér any synonyms of these, we have vhat is sometimes called,
end vhat we shall call, a 'conditional statement'. Arguments which contain only
conditionsl statements and simple sentences or megations thereof shall be called
conditionsl arguments. Reesoning sssocisted with such arguments shall be called
conditionsl ressoning.

Other types of sentence logic are called by different systems of names. One
consistent set labels as 'alternstion statements' those which make use of the con-

uective, 'or'; 'disjunctive statements' those which use the connective 'not...both!;
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and ‘conjunctive statements' those which contein the conjumction 'and' (Cohen

and Negel, 1934). A more common set of labels at the present time applies the
word 'disjunction' to statements containing 'or' instead of those containing
'not... both', and considers the latter simply denials of ::onjunct:lons. Al-
though we did not have to make a choice for the present research project, a
choice will have to be made in the continuation into these areas. The choice
is not simply an arbitrary one, since it depends to some extent on one's philoso-
phy of logic. Our current inclination is to recommend the former system to
Jeople investigating these areas in the future, because the comnection implicit
in a 'not...both' statement appears to be more fully recognized with the sepa-
rate name 'disjunction', and because the names of the former system seem more
natural.

2. (Class logic.

The femiliar traditionel syllogisms are arguments in class logic form, but
they do not exhaust class logic arguments, so a more general description is
necessary.

The basic units in class logic are parts of sentences, subjects and
predicates. The sentences do not reappear essentially unchanged; instead the
subjects and predicates are separated from each other and rearranged. Here is
an exsmple to which the criteria of class logic are to be applied. It is from
"The Cornell Cless-Reasoning Test":

Suppose you know that

All the people who live on Mein Street were born in Milltown.
None of the students in Room 352 live on Main Street.

Then would this be true?
None of the students in Room 352 were born in Milltowm.

For purposes of simplification and easse of teaching, the subject and predicate
are revised in order to form classes. Following this procedure the classes in-
volved in the above example are 1) the people who live on Main Street, 2) the

EI{ILC people who were born in Milltown, and 3) the etudents in Room 352. The two

Full Tt Provided by ERIC.
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given statements present reisticnships between the first and second classes ax;d
the third and second clesses respectively. The statement about which one must
decide suggests & relationship between the third and first classes. Thus the
subjects and predicates as represerted by the classes are the basic units in
this kind of reasoning. )

Admittedly the representation of subjects and predicetes by classes is a
simplification which can result in philosophicel problems. However, as long as
one is csutious enough to avoid thinking that the claess relationships somehow
more suitably capture the meaning than the original statements, the transfor-

mations can be convenient in explenation and teaching.

3. Ordinal Logic.

A third type of logic deals with size relationships, such as, greater than,
equal to, lees than, not greater than, etc. Here is an exsmple taken from Burt's
"Graded Reasoning Tests" (1919):

Tom runs faster than Jim; Jack runs slower than Jim. Who is the
slovest -- Jim, Jack, or Tom?

L. Other Types of Logic.

No successful comprehensive classification system of types of logic has

even been prepared, so the best we can do here is to list some other types with
an explicit disavowal of comprehensivenese.

Mathematicel reasoning is such that the conclusion is supposed to follow
necessarily from the premises and would therefore be classified as logic. Since
we have no desire to enter the jurisdictional dispute (about which is a branch
of which) between some logiciens and some mathematicians, we simply point out
the consequences of our definition, being ready to accept an amendment, if
desired. Our definition, however, should at least serve to alert us to the
similarities between the fields of mathematics and logic.

Several other branches of logic with vhich at least some work has been

done by logicians are, using the terminology suggested by G. H. von Wright
ERIC
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(1957, p. 58), alethic logic (traditionally celled ‘'modal logic'), epistemic

logic, and deontic logic. Alethic logic is concernmed with statements of pos-
sibility and neceseity; epistemic logic with knowledge statements; and deontic
logic with statements of obligation. Each of these branches of logic is impor-
tant in critical thinking, but no one of them has yet been sufficiently worked
out for us to do research on them of the sort which is being described in this
report. Hopefully the current trend among philosophers toward increased in-
terest in these fields will continue, so that some satisfactory criteria will

be available for use in research like ours.

Presumably other types of logic could yet be identified, because no one
has successfully presented a rationale for the exhaustiveness of some list,
and it has been our experience that numerous examples of inferences that seem
in a way necessary do not clearly and uncontroversially fit anmy of the types
mentioned. Applications of broad velue statements and inferences to and from
statements containing such words &s ‘probably' and 'because’ are the sorts of
thing we have in mind.

There is thus still much philosophical spadework to be dqne, both in
identifying types of logic and in determining valid patterns of inference for
the relatively unexplored types. Until this philosophical spadework is done,
the investigation of patterns of development, learning, and learning capacity
in the types of logic must remain unfinished.

C. AN EIABORATION OF THE TYPES OF LOGIC INVESTIGATED IN THIS STUDY
Though an investigation of all types of logic is not yet possible, we were

gble to work with two very common end significant types of logic, class logic
and conditional logic. We picked these for several reasons:

1. The criteria for Judging arguments in these forms of logic are fairly
well developed and agreed upon. Where controversy does exist,* we essentially

avoided it.

e P. F. 's Introduction to lLogical Theory (1952) for an indication of
areas of controversy thet do exist. =
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2. These two types of logic, together with the other kinds of sentence
logic, are the things most commonly taught under the heading, "deductive logic",
are thus well associated with the term, 'deductive logic'. We felt that we were
forced to select from among the branches of sentence logic because of time
pressures, and picked conditional logic because the if-then rel;ationship is
fundamental in all logic and becsuse an understanding of conditionals together
with conjunction and negation ensbles one to do other types of sentence reasoning.
This selection of conditionel logic from sentence logic should be kept in mind as
you read the next two reasons for our selection of certain types of logic, because
they argue for the inclusion of sentence logic instead of only con@itional logic.

3. An informal investigation that we performed of reasoning in newspaper
editorials, U. S. Supreme Court opinions, snd an auto mechanics handbook showed
that class logic and sentence logic included most of the deductive reasoning that
occurred there. The only noteble exception was deontic logic, the logic of
obligation.

k. Ic the literature on people's reasoning there is some precedent for
the selection of class logic and sentence logic. Most of the studies that we
have located deal with one or both of these types.

5. Although ordinal logic is well worked out, is already being taught in
schools, and is considered in the literature, we omitted it. We did include it
in our pilot study, bub felt that in order to do & more satisfactory job in the
year 1963-64, we had to reduce the scope of our project from three types of logic
to two. Parily because ordinsl logic is inevitsbly receiving some resdiness
sttention now; partly becsuse our pilot study showed thet major advencee in
cepacity for mastery of the principles of ordinal logic occurred in the primary
grades (ages 6-12), especislly eerly primsry (ages 6-9) for most of the students
we studied; and lastly becsuse work of the type we were doing requires more
personnel for younger children, we decided to omit ordinsl logic in the study
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being reported on here.*

Given class and conditionsl logic as our concerns, 8 fuller acccunt of each
is in order. In wvhet follows we shall set forth and discuss what we consider to
be the basic principles of each. These lists of principles sre not in the most
elegant form (for the more elegant they are, the less easy they are for most
people to understand), nor are they in the most easily understandsble form, but
are in a form that ie something of a compromise between the two.

" In our teaching of logic we did not use the langusge of these statements of
principles, because we felt much of it to be too formidsble for teaching purposes.
This 18 so especially for class logic, in the teaching of which we made use of a
system of circles which provided a model for class relationships.

With but one exception the principies sre tested for in our tests, which will
be described later. This exception, Conditionsl #12, was omitted for reasons
given in Chapter IV, which describes the tests. Some combinations of these prin-
ciples are also tested for in our tests. These combinations are not listed here.
They will be indicated in Chapter IV.

In the hope that they will be self-explanatory, these liste are arranged
as follows: On the left the principle is steted in English. In the center and on
the right arguments appear. In each case the principle justifies a judgment of
valid (conclusion follows necessarily) or invalid (conclusion does not follow
necessarily) with respect to the argument. The argument in the center is in
symbolic form. The argument on the right is an example taken from one of our
tests and modified for the purposes of this method of presentation.

The conditional logic principles are ordered in our recommended order of
classroom presentation. This ordering is based upon our experience teaching

logic, but has not been subjected to experimental test.

* Professor Lucille Ringel of Fenn College, Cleveland, is preparing & report of
the work that we did do with ordinel ressoning. '
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TABLE II-1.

MHnso»MHu

l. Given an if-then sentence,
the affixmation of the if-part
implies the affirmstion of the
then-part.

2. Given an if-then sentence,
the deniel of the if-part does
not by 1tself (as a result of
its being an if-part) imply
the denial of the then-part.

3. Given an if-then sentence,
the affirmation of the then-
part does not by itself (es s
result of ite being a then-
part) imply the affirmation
of the if-psart.

4. Given an if-then sentence,
the denial of the then-part
implies the denial of the if-
part.

5. The if-then relationship
is transitive.

Illustrated Basic Principles of Conditionel

Synibolized bnmnnmna
If p, then q.

u.

Therefore q.
Valid.*

If p, then q.
Not p.

Therefore not q.
Invalid.

If p, then q.
qe.

Therefore p.
Invalid.

If p, then q.
Not q.

Therefore not p.
Valid.

If p, then q.
If d, .memwu Xe
Therefore, if p,
then r.

Valid.

Logic

Concrete b&mMMosa

If the het on the table is blue,

then it belongs to Joen.

The het on the tsble is blue.

Therefore the hat on the table belongs to Joan.

If Tom lives in the white house,

then his lest name is Smith.

Tom does not live in the white house.
Therefore Tom's lest name is not Smith.

If Mary lives in the white house,

then her last name is Brown.

Mary's last neme is Brown. .
Therefore Mary lives in the white hause.

If the cer in the perking lot is Mr.

Smith's, then it is blue.

The cer in the perking lot is not blue.
Therefore the car in the parking lot is not Mr.
Smith's.

If Sem misses the bus, he will walk to school.
If Sam welks to school he will cross the bridge.
Therefore, if Sem misses the bus, he will cross
the bridge.

* The validity status of the arguments will only be specified for the symbolized ones.
It ies the same in each case for both the symbolized and concrete arguments.
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TABLE II-1 (cont.)

6. An if-then sentence implies
its contrapositive.

T The if-then relstion is
non-gymmetric.

8. Given an only-if sentence,
the denisl of the only-if pert
implies the denisl of the major

pert.

9. Given an only-if sentence,
the affirmation of the major
pert implies the affirmation
of the only-if part.

10. The denial or affirmation
of one pert of an if-snd-only-

if stastement implies respectively
the denial or affirmetion of the
other part. -

1l. Given an only-if sentence,
the effirmation of the only-if
pert does not by itself (as a
regult of its being an only-if
part) imply the effirmation of
the major part.

12. Given an only-if sentence,
the denial of the major pert
does not by itself (as & result
of its being the major part)
imply the denial of the only-if
part.

If p, then q.
Therefore, if
not q, then
not p.

Valid.

If p, then q.
Therefore, if
q, then p.
Invalid.

P only if q.
Not q.

Therefore not p.
Valid.

P only if q.
p.

Therefore q.
Valid.

P, if, end only
if, q.
Not p.
Therefore not q.
Valid.

P OE if q.
q.

Therefore p.
Invaliad.

P only if q.
Not p.
Therefore not q.
Invalid.

If Mrs. Smith entered the flower show, then

she entered her roses.

Therefore, if Mrs. Smith didn't enter her
roses, then she didn't enter the flower shov.

If the cheir is green, then the table is dlack.
Therefore, if the table is black, then the chair

is green.

John ig in the kitchen only if there is food in

the kitchen.
There is no food in the kitchen.

Therefore John is not in the kitchen.
Harry is on the footbell teem only if he has his

mother's permission.
Herry is on the footbell team.

Therefore Harry has his mother's permission.

Bill will see Audrey this yesr, if, end only if, he

goes to Montreal this yeesr.

Bill will not see Audrey this year.
Therefore, Bill is not going to Montresl this year.

Dick is using the claseroom dictionary only if the
‘library ies closed.

The library is closed.

Therefore Dick is using the classroom dictionery.

Jane went to the perk yesterdsy only if she saw

her friend Pat yeesterday.

Jane did not go to the park yesterday.

Therefore Jane did not see her friend Pt Yesterday.

s a



TABLE II.2.

m&»uoﬁmvnu

l. Vhatever is e member of
a class is not 8 non-member
of that class and vice verss.

2. Whetever is a member of
a claes is also a8 member of
8 class in vhich the first
is included. (This implies _
that class inclusion is
transitive.)

3. Whatever is a member of a
class is not (as e result of
that relationship) necessarily
8 member of a cless included in
that class.

4. Class exclusion is
symmetric.

5. Whatever is a member of a
class is not a member of a
class excluded from the first.

6. Whatever is not s member of
a8 cluss is not (as a result of

that relationship) necessarily

also not a member of a class in
wvhich the first is included.

Illustrated Basic Principles of Class Logic

Symbolized Arguments

All A's are B's.
Therefore it is false
that at leest some A's
are not B's.

Valid.

All A's are B's.
All B's are C's.
Therefore all A's
are C's.

Valid.

All A's are B's.
Therefore all B's
are A'sg.,

Invalid.

No A's are B's

(and there are B's).
Therefore no B's
are A's,

Valid.

All A's sre B's.
No B's are C's.
Therefore no A's
are C's.

Valid.

All A's are B's.

No C's are A's.
Therefore no C's are
B's.

Invaliad.

Concrete Arguments

All of John's pencils are blue.
Therefore it is felse thet at least some of
John's pencils are not blue.

All the cars in the garege are Mr. Smith's.
All Mr. Smith's cars ere Fords.
Therefore all the cars in the garage are Fords.

All the red books are John's.
Therefore all John's books are red.

None of Jane's dolls have hats.
Therefore none of the dolls thet heve hats
are Jane's.

All Frank's homework is due today.
None of the homework due today is in history.
Therefore, none of Frank's homework is in history.

All the papers in the box are torn.
None of John's papers are in the box.
Therefore none of John's papers sre torn.
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TABLE II-2 (cont.)

T. Vhatever is not a member of
a cless i not (as & result of
that relationship) necesserily
a member of (nor & non-member
of) enother class which is
excluded from the firet.

8. Whatever is not a menber
of & class is also not a member
of any cless included in the
first.

No A's are B's.

No C's are B's.
Therefore st least
some A's are C's.
Invalid.

All A's are B's.

No C's are B's.
Therefore no C's are
A'g.

Valid.

None of my shirts are wool.

None of the shirte henging up in the closet
are wool.

Therefore, at lesst some of my shirts are
henging up in the closet.

All of Joen's homework is due today.
None of the math homework is due today.
Therefore none of the math homework is for Joen.
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On the other hand the principles of cless logic are not strictly in a recom-
mended teaching order, since our teaching method for class logic makes use of
the circle system mentioned earlier. But we think that the first four of these
principles sre grouped roughly in teaching order anyway.

A few words of summary of these principles sre in order. The conditional
principles cover affirming and denying the antecedent ("if-part” and "major part")
and consequent ("then-part" and “only-if-part") in both if-then form (1-4) and
only-if form (8,9,11;12). Transitivity (5), contreposition (6), non-symmetry (7),
and the combination of if-then'and 'only i£'(10) are the other things covered by
the conditional logic principles. A person familiar with conditional logic will
recognize these as the basic elements of conditional logic, though he might .of
course feel some redundance if he seeks logical elegance. It is our view that ip
spite of this sort of redundance, the principles must at least for teaching pur-
poses be spelled out to the extent that we have done so. And then there is the
very difficult question of whether they really sre redundsnt anywsy, becsuse the
different forms (as we have specified them) are used under different circumetances.
Fortunately we do not have to settle the question because teaching requirements
force the large number of principles on us.
| The class principles cover first of all the bassic mesning of being and not
being a member of a cless (1), and secondly the basic notion of two classes' being
excluded from one snother (4). Then the main body of principles falls into two
groups: those starting with the sssumption that something is in* a class (or
part of & cless), (2,3,8) and thoee starting with the assumption that something
is not in a class (or pert of e cless), (5,6,7). Bach group is then subdivided
into three peris sccording to whether thet class (or part of s class) is : a)
included in & third (2,6), b) includee & third (3,5) or c) is excluded from a
third (8,7). Thus the poseibilities are sll covered.

#* Deliberstely vague to cover both membership and inclusion.
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We regard class principles mmbered 2 and 3 as the two most important to
teach to someone if he does not know them. Number 2 catches the transitivity
of inclusion while number 3 catches its non-symmetry.

A good way to grasp the impact of the class principles, if the arguments
do not suffice as explanation, is to use circles inside one another 61' separate
from one another to represent the inclusion % exclusion relationships.®* A
conclusion inescapably diagrammed by the diagramming of the premises foilowa nec-
essarily. If not inescepably diagrammed, then it does not follow necessarily.

That completes our direct characterization of the logic thet we taught.
The next section, which compares this logic with Piaget's, indirectly provides

some further characterization.

D. A COMPARISON WITH PIAGET'S LOGIC

Jean Piaget is the leading figure in the study of the development of
children's knowledge of logic, though not their capacity to learn logic, which
was in addition one of our major concerns. Since a comparison with his con-
clusions is inevitably called for, it is important to try to be clear sbout
vhether vhat Piaget calls 'class logic' and ‘'propositional logic' correspond
to vhat we have called 'class logic' and 'sentence logic', because only to
the extent that they correspond does the question of agreement or disagreement
about the facts of development arise. In some ways the logics seem to corre-
spond and in some ways they do not seem to do so. In fact it is difficult
to be sure of the extent of correspondence. This might be explainable by
Plaget's difficult style; and it might be explainable by changes over time
in his concepts to adjust to the facts or his own developing interests. Re-
gardless of the explenation, the points of correspondence and lack of corre-
spondence, as we gee them, follow. We must confess that we have not been able
to construct with confidence what we consider to be a coherent consistent

account of Piaget's logic, but we shall do the best we cen. Discussions of

¥This is a simplified account, as you might expect.
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Pisget's logic have also been presented by Parsons (1960) end Flavell (1963).

Points of Correspondence.

First of all Piaget did talk sbout logic. Secondly he does distinguish
between two types of logic, end thirdly this distinction basically seems to
correspond to the distinction between class logic and sentence logic that we
drew earlier in the chapter. We shall expand on each of these points.

1. Plaget seems to have adopted some of the basic moves and definitions in
contemporary propositionel logic (1958%, pp. 293-303). His logicsl operators,
'v', '3', '.', and '-', correspond to the operators of traditional propositional
logic, and stand respectively for ‘or', 'if..., then', 'and’, and 'not'. He
makes use of the same letters as are traditionally used to represent propositions,
'p', 'q', and 'r'. And he generally relates all these in a way that essentially
conforms to that of sny elementary text in symbolic logic.

Furthermore his class logic symbolism, definitions, and rules are in con-
formity with at least much of what is traditionally classified as class logic.
Among other things, he uses capitsl letters to represent cldsses and uses a
single quote after a letter which represents a class to represent the complement
of that class (1958, pp. 274-T7).

Hence it is quite clear that Piaget was talking about logic, establishing
at least some correspondence between his interests and ours.

2. Along with us, Pieget resists the contemporary trend towerd the merging
of propositional and class logic. This merging is accomplished by treating class
inclusion statements as modified conditionals. For example, the statement, ‘'All
floating bodies are light', is transformed into the statement, 'For every x, if
x is a floating body, then x is light'.

% Henceforth in this section on Piaget, all references made by the use of '1958

. shall be to Inhelder and Piaget's The Growth of icel Thinking From Childhood
to Adolescence. We believe that the parts to vhich we refer were written by
ﬁaga and not Inhelder.
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Sometimes the transformation goes further, putting the statement in terms
of existence, conjunction, and negation, making the sbove statement look like
this: 'It is not the case that there exists an x such thaet x is a floating body
and x is not light.'

One of Plaget's reasons, with vhich we are in sympathy, is that to so
interpret cless inclusion statements would be to use "a complex languege for
describing phenomena which do not go beyond much simpler structures in the
subject's mind" (1958, p. 280).

3. A third point of correspondence lies in the similarity of his dbasis for
the distinction between propositional and class logic and our basis for the dis-
tinction between sentence and cless logic. Piaget says that although class logic
does deal with propositions, "decomposing and recomposing the content of proposi-
tions" (1958, p. 292), it does not deal with the combination of these proposi-
tions as independent units. Propositional logic, on the other hand, does this.

In another place Piaget in characterizing the formal operational period
by a person's ability to do propositional logic, says, "Formal operationms,
therefore, consist essentially of 'implications' ... and 'contradictions'
egtablished between propositions vhich themselves express classifications,
seriations, etc." (1950, p. 149).

Thus for Piaget, as for us, class logic is concerned with the internal
features of propositions which are not themselves composed of other proposi-
tions, whereas propositional (and sentence) logic is concerned with the rela-
tions between propositions (or sentences) which themselves remain essentially
unchanged throughout an argument.

We do not feel that the difference in names (‘propositional’ vs. 'sentence’)
constitutes a significant difference between Pisget and us. His term, 'proposi-
tional' is in more common use among logicians; for thet reason we would have
chosen it if we had not felt thet communication with teachers snd students will be

ERIC
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facilitated by the use of the teru 'sentence', vhich already has meaning for them.
The term 'proposition' in the sense in vhich it is used by logicians is quite
unfemiliar to most people.

Now it is the case that the two terms can be used to mark different positions
in philosophy of logic, but the use of one term or the other does not necessarily
comnit one to one of the positions, since the choice of one term or the other is
often simply a matter of convention or convenience. The positions that can be
marked by these terms are positions sbout the neture of the basic units thet are
connected and modified by the logical comnectives, 'or', 'if..., then', 'and',
'not', etc. Are the basic units merely strings of words concocted by human
beings, or sre they possessed of some sort of independent existence, regardless
of whether they are formulated by h'man beings?

We do not want to take a stand on this issue; we do not even want to take
a stand on vhether or not it is a genuine issue. But we do want to use the
term 'sentence' because of ite established usage. We do not know vwhether Pisget
takes a stend on the issue, but feel that as far as the teaching of the rules of
logic goes, it does not matter. His difference in usage does not represent a
substantive difference.

Points of Noncorrespondence.

There are two points of noncorrespondence vwhich we would like to suggest:
First the judgment about vwhether propositionsl or class logic is in use seems at
times to depend for him upon whether there is a consideration of all the possi-
bilities inherent in the situation. Secondly Piaget's system is more simple than
the one ve worked with. We are less sure about the first difference than the
second.

1. According to Pisget (1958, pp. 272-333) an important festure of 2
person's reasoning is the extent to which he works within a system of all the
possible combinations of the variables and views what he sees as one of these
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possible combinations. Associated with this, according to Piaget, is the subject's
ability to separate out the variables. Presumably if a person separates out
variables and holds certain ones constant, then he is eliminating certain of

the possidble combinations of variables as possible causes of the phenomena being
investigated. |

There is a strong suggestion thet a defining characteristic of ability at
propositional logic is ability to work within a system of all poesible combinations.
Furthermore a defining characteristic of the use of class logic is the failure to
work within a system of all possible coambinations. These are not defining
characterietics of our sentence and class logics.

He says, in searching for a way of telling "in which cases the subjects
reasoned through arrsngements cf classes and relations and in vhich cases they
used propositional operstions” (1958, p. 279), "It is fruitless to look for an
exclusively verbal or linguistic criterion -- e.g., coneidering all statements
containing the words 'if...then' ss implications vhile regarding the statements
vhich do not cortein them as inclusions or correspondences, etc." (1958, p. 279).
He then says that a better method of maxing the judgment about whether class or
propositional logic is in use is look at all the actions of a subject and see:

vhether he tries to separate out the varisbles, /vhich/ implies both

hypothetico-deductive reasoning and a combinatorisl system; when they

appear, we have to interpret the stated judgments as propositional ex-
pressions ... (1958, p. 279).

Thus separating out the veriables seems to be a criterion of the use of proposi-
tional logic.

But the "surest method of differentiation”, according to Piaget is to see if
the subject interprets a given correspondence as the result of asny one of several
possible combinations:

If...the subject interprets a given correspondence as the result of

any one of several possible combinestions, and this leads him to verify

his hypotheses by observing their consequences, we know that propositional
operations are involved (1958, p. 279).
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It is because of these statements and statements like them ithet we suspect
that Plaget holds that a definitionally necessary condition for the use of
propositional logic is that of Wworking within a system which contains all the
possible combinations of the variables, end that a definitionally necessary
condition for the use of class logic is the lack of working within such a system.

What it is to work within such & system still remains to be clarified and un-
fortunately Piaget dces not make himself fully clear. Here is the best account
that we can work out:

According to Pisget, given two propositions (or classes), there are sixteen
possible ways in which they can be grouped. For propositions he calls these ways
the "sixteen binary operations" (1958, p. 293) and for classes he simply lists
them as "sixteen possible combinations" (1958, p. 2T7). The two lists correspond,
a8 he indicates in a series of footnotes in his discussion of the sixteen binary
operations (1958, pp. 293-303), so we will present only the 1ist of the sixteen
binary operations.

In this list 'p' and 'q' stand for propositions. A denial of the proposition
is represented by the symbol with @ line over it, e.g., 'p'. A conjunction of two
propositions is shown by putting & dot between them e.g., 'p.q' which means
'p and q'. 'Either p or q' is represented by 'p v q', and 'If p, then q' is
represented by ‘p>q’.

The sixteen binery operations:

l. P.QVp.qVvDp.qVDp.q
2. The negation of #1.

3. p.q -
k. The negation of #3: p.q
2+ pPVQ -
6. Te negation of #5: p.q
Ts POq -
8. The negation of #7: p.q
9. qap -
10. The negation of #9: p.q

. (ps49).(a>p) - -
12, The negation of #11: p.q v p.q
Q-p&qVﬂ - -
14. The negation of #13: p.(q v q)
15. q.(p v p) -

16. The negation of #15: q.(p v p)
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A person acquainted with symbolic logic can see thet (given the symbolic logic
interpretation of these symbols) this lisi conteins the affirmetion and denial
of each of the possible groupings of p and q and their denisls. For him who is
not well acquainted with symbolic logic the exhaustiveness of the combinations
that Piaget sees perhaps can be shown thusly:
Iet 'e' stand for 'p
Let 'b' stand for 'p.q!
Let 'c' stend for 'p.q’
Let 'd' stand for 'p.q'
These are the four possible conjunctions of the assertion and denial of 'p' and

'q'. Then there are sixteen possible ways that 'a', 'b', 'c', and 'd' can be

grouped:

10, cd

1l1. abe

12. abd

13. acd

4. bed

15. abcd

16. O (thst is, none of them)*
If one accepts the assumptions, one can see the exhaustivenese of the gystem of
combinations of the assertion and denial of the two propositions.

Now we suspect that for Piaget a person is not doing propositional logic
unless he i: opersting within a framework that will take account of all of these
possibilities. If this suspicion is correct, then Piaget's logic does not corre-
spond to the logic thet we teught, nor does it correspond to the standerd con-
temporary interpretation. The latter might ssy that a person is not fully pro-

ficient if he does not operate within such a framework, but it would not deny the

o  ¥*his system of explanation is suggested by Flavell (1963, pp. 213-14).
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epplication of the term, ‘'propositional logic', to the following argument, if
advanced by a person vho was not aware of nor working within & complete combi-
netorial framework: _

If p, then q. But not q. Therefore not p.

We cannot be sure whether this interpretation of Piaget is correct, because
it does not seem compatible with the distinction between propositional and class
logic which we presented under "Points of Correspondence". If the interpretation
is correct, then there is & vast difference between the two logics.

2. A second point of noncorrespondence, one of which we are confident, is
the greater simplicity of the system that he advocetes. His system is more simple
in several different ways:

8. 'The list of sixteen binary operations together with the interpretation
given to the symbols shows that Piaget is accepting the reduction of the various
logical operators to two: conjunction and negation.* For exsmple, for him, 'If
P, then q' means the same as 'It is not the case that both p and not q'. Sym-
bolically, 'p>q' = 'p.q’.

The azceptability of this reduction is a contemporary issue in logical theory.
Common practice is to accept the above symbolic equivalence, but to deny that
'‘p>q' captures the mesning of 'If p, then q'. Piaget makes no such reservations,
80 far as we can tell. In case any of our reasders would like to pursue this issue
we mention the fact that prominent contenders are P. F. Strawson and P. H. Grice,

both of Oxford University. Strawson opposes the reduction and Grice tends toward

supporting it.¥*#

* Another wey of looking at it is to ssy that the reduction is to 'v' and negation,
. but it amounts to essentially the seme thing.

¥ Strawson's views sppesr in his Introduction to iogicel Theory (1952); Grice's
views are as yet unpublished. Strawson's book will get one started on this
issue.
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Our system differs from Piaget's in that we do not accept this reduction and
the consequent simplification of logic. We have not attempted this simplification
in our teaching of logic, but in the tests we built to determine a person's
knowledge of logic we avoided using any items thst would be answered incorrectly
by a person following the simplified system.

b. A second simplification vhich Piaget has adopted is the merging of PYopo-
sitions and vhat are called 'propositional functions'. This simplification is
not one that is accepted in the field of logic. First we must explain what a
propositional function is and then we shell indicate the possible significance
of this merging.

Consider the statement, 'If a body floats, then it is light'. Although
this might at first appear to be a standard conditional statement in sentence
(or propositional) logic, note that neither of the units caan stand alone. Neither
of the units can meaningfully be affirmed or denied by itself, if it retains the
meaning that it haes in the whole. In the original statement, the words ‘'a body*
do not refer to any particular dody, so if we try to make the group, ‘'a body
floats', stand alone, it does not make any assertion that can be called true or
false. (Try to imagine how you would prove it true or false.) Since it does not
say anything, it cannot stand alone.

The groups, ‘'a body floats' and 'it is light', are propositional functions
in the original statement. They are not propositions or sentences, given the
meaning they have in that original statement, because they cannot stand alone
vithout being given a change in meaning.

Piaget in his analysis of Inhelder's floating bodies experiment, treats the
statement, 'If a body floats, then it is 1light', as a stetement in propositional
logic, and is enabled to do so by merging his propositional functions and proposi-

tions.
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Nov vhy might he want to be able to treat such & statement as one of propo-

sitional logic? This is a difficult question and we can only hezard a guess, a
guess that does fit in with an earlier-suggested point of noncorrespondence, ais
combinitorial criterion.

Note that the statement, 'If a body floats, then it is light' means roughly
the same as 'All floating bodies are light', the latter clearly being a statement
in class logic. Given these roughly equivalent statements, a person is free to
use either one he wishes as an interpretation of the thought that all floating
bodies are light. Now if for deciding vhether the logic in use is propositional
or class reasoning, his criterion, is, say, the combinitorial criterion, then he
can adjust the form of the sentence selected to fit the decision called for by
the criterion.

To be more specific, suppose that on the basis of the subject’s total be-
havior, we decide that he is operating within a framework that includes all the
possible combinations. Then we decide that the logic is propositional and we
use the if-then form to represent the thought that all floating bodies are light,
swhich he presumably is entertaining as an hypothesis. We say that he is con-
sidering the view, 'If a body floats, then it is light’.

Suppose on the other hand that the subject is not operating within a frame-
work that considers all the possible combinations, then we judge the reasoning to
be class reasoning and pick the class form of the thought that all floating bodies
are light. We say that the subject is considering the view, 'All floating bodies
are light'.

Perhaps Piaget did not merge propositions end propositional functions for
this reason, but s0 merging does ensble him to use the combinatorial criterion
and still roughly conform to established usage of the words, 'propositional’and
‘class'®.

This merging of propositions and propositional functions is something we
avoided in theory and tried to avoid in practice. Hence his simplification

o Makes a difference between the sentence logic that we taught and the propositional
ERIC '

Full Tt Provided by ERIC.
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logic that he investigated.

c. A lest simplification is Pisget's sppsrent reduction of alethic logic
(see page II-T) to ordinsry propositionsl logic. He stretches hie symbolism to
cover moves in slethic logic. For exsmple he wante to let 'p.q. v p.q' mean
thet each conjunction, 'p.q' end 'p.q', represents a poesible state of affairs.
The standard symbolic logic interpretation is that at least one is true » not
thet esch is possible. Thet Pisget 8lso holds the stsndsrd interpretation is
shown in his explanstion of 'p v q': "Disjunction P V q signifies that p is
true or g is true or both ere true." (1958, p. 296). He does not in this
interpretation sey thet each is possible.

In his explanstion of the flosting bodies experiment, however, he does so
interpret what he cslls disjunction. Otherwise the argument that he endorses
is invelid. The argument symbolized goes as follows:

Premise:

P-q. V p.q

Conclusion:

It ie felse that p—oq.
In the standard interpretation of the symbols, thet srgument is invalid. But
if the premise is to be interpreted as sasying that P.q is possible and thet
P-q is poseible, then it is false that poq.* That is, if it is possible thet
p end not q, then p does not imply q, other things being equal. So Pisget has
avoided the complexities of sn additionsl symbolism snd eet of rules by trying
to include alethic logic symbolism and rulee in his basic set.

This trestment on his pert is exemplified, among other places, in his
enalysis of the results of the floating bodies experiment. In the perticular
discussion we want to present he sssigns the veriables as follows: "2 [1e] ...
the sssertion that the bodies will float end ¢ /Ts/ ... any factor sssociated
vith p -- for exsmple lightness (absolute)...." (1958, pp. 39-40).

* Assuming that 'p' and 'q’' stend for propositionsl functions.
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The statement being disproven in this selection is represented by 'p>q’.
Presumably this is to mean, 'If s body floats, then it is light'.*

Now with sll that introduction, we hope it is clear thsat in thie passage
he is attempting to let his symbolism fit slethic logic:

The subject msy note the two possibilities combined (p.q) v (p.q)--
i.e., of p.(q v q) -- vhich constitutes the operstion we may spesk of as
the sffirmstion of p independently of the truth or faleity of q. But
this operation conteins p.q and smounte to discarding pq. This is what
Fran, for example, says when he declares that "the wood cen be heavy (or
1ight) and it flosts"... (1958, p. 40).

The ressoning that Pisget ie @escribing here gces like this:

It is possible for something to float and be light; it is also pos-
sible for something to float and not be light. Therefore it is not the
case that if something flosts, it is light.

This argument seems legitimete, but it is not an argument in propositionsl
logic. Arguments desling with poseibilitiee in this way are to be judged by
the rules of slethic logic (which are not yet well worked out, by the way).

In subsuming slethic logic under propositional logic, Piaget has done some
simplifying which we have not done in our presentstion of logic. Instead we
have avoided slethic logic.

Sumery.

Thus there sre points of similarity and points of difference between the
logic with vhich we worked and the logic reported on by Piaget. Similarities
sre that we both seem to be dealing with logic, that we both draw e distinction
between two types of logic, and thet the dietinction eppesrs similar. A pos-
sible point of difference is his use of the combinitorisl syetem criterion in
dreawing the distinction between class end propositional logic. A definite
point of difference is the grester simplicity of the system he uses. This

simplicity appesrs in the reduction of propositional logic to two basic

% Let us neglect the difficulties in his assigmment of the varisbles, i.e., his
merging of propositions and propositional functions, and his neglect of the dif-
ference between propositions end concepts. ('p' is here assigned by him to &
proposition (or sentence), 'q' to a concept gor term)).
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operators, in the merging of propositions and propoeitional functions, and in
the merging of slethic logic and propoeitional logic. We are of the opinion
thet our results cen probably be compared with Pisget's, i:ut waent to retain
as quelifications the points of non-correspondence specified sbove.

A further difference, not in logics, but in intensity of snelysis, can be
found in our attempt to study sepsrately verious principles of the types of
logic with which we worked. Piaget, on the other hand, tends to spesk
globally about his two types of logic.

E. CHAPTER SUMMARY

In this chepter we have outlined the conception of eritical thinking under
vhich we are working, have suggested the significant role that deductive logic
pleys in this conception of criticsl thinking, have sketched out a number of
types of deductive logic, have elsborated on two very bagic types, snd have'
compared these two types with Plaget's conception of similar types. Primerily
in order to work within e smell orgenization and thus mesintein control of vhat
heppens, and in order to work with types of logic that are both eignificent snd
fairly well worked out, we picked clase and conditionel logic es the two on
vhich we would concentrate.

Conditional logic is in our view the most important pert of what we call
sentence logic and vhet is often called propositionsl logic. We have judged
Piaget's class logic and propositionel logic similar enough to our clase logic
and sentence logic to declare them roughly compersble, so, with some reserve-
tions, we feel thet what we have lesrned about the development of knowledge of
logic does have a bearing on whet Plaget hes claimed.



CHAPTER III. Basic Data on Subjects

So that our readers will, in reading about the results, have an idea about
from whom these results were secured, we are presenting basic information sbout
the subjects before we attempt to present, discuss, and interpret the results
in detail. In this chapter we shall indicate the institutional nature of the
groups with whom dealt, shall comment where necessary on the instruments we
used (except for the logic tests » to which we devote the entire next chapter),
and then shall provide summary information about our subjects. In order that
the grouping and categorizing be intelligible, we shall sketch in reasons for
some of the decisions.

A. THE GROUPS WITH WHICH WE WORKED

1. The "LDI's".

At each of the grades 4-12 we selected one class-size group with which to
work intensively. With each of these groups one of the members on our staff
worked for one period per day (around L0-50 minutes) for four weeks (20 instruc-
tional days). Approximately three quarters of this time was devoted to the
teaching of logic. The other quarter was in general devoted to advancing the
subject matter that was ordinarily scheduled for that time.

Because we discovered in our pilot study that it was not possible to teach
thoroughly even one type of logic in the time we had available, we decided to
alternate years between the two types we selected. Class logic was taught in
grades 4, 6, 8, 10, and 12. Conditional logic was taught in grades 5, 7, 9,
and 11. We shall lebel these nine groups our 'LDI' groups, indicating groups
to which Logic was Deliberately Taught.

Our LDT's were selected from an Upper New York State school system with a
student population of about 8,000 in grades K-12. The district is called a ‘eity
school district' but also comprises suburban and rural commmities which were
added in various cenmtralization proceedings over the last thirty years. About one
half of the students live in the city. The city itself has a population of about
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14,500, plus about 14,500 college students. The wsin industry in this community
is college education, but there are a number of medium- and small-.sized factories
as well.

No census figures that indicate the nature of the school district population
are available, since in New York State, the boundsries of school districts do not
generally coincide with political boundaries. But we can give figures that indi-
cate some things about the occupational nature of the-population of the city. For
comparison purposes we are also supplying similer figures for New York State and the

United States.

TABLE III-1. Percentage Occupational Make-Up of City, New York State and the United

States*

New York United
Occupstion City State Statee
1. Professional, Technical and Kindred Workers 25.7 12.5 10.8
2. Clericel and Kindred 18.9 18.1 144
3. Service workers, except private household 16.8 9.3 8.4
k. Crafisman, Foremsn and Kindred Workers T.1 12.4 13.5
5. Operatives and Kindred Workers 6.8 18.1 18.4
6. Menagers, Officials and Proprietors 5.9 9.0 8.4
T. Seles Workers 5.3 T.3 T.2
8. Unemployed 3.5 2.2 4.9
9. Miscellsneous 13.5 13.3 18.8

*U.S. Bureau of the Census. U. S. Census of Population: 1960. Vol. I, Charac-
teristics of the Population. Part 34, New York. U.S. Government Printing
Office, Part I, United States Summery, Washington, D. C., 1963.

In this city there is a higher percentage of professional, technical and kindred
workers then in the state and the nation.
We tried to secure classes that would typify this school system.and, to the

. l{llC extent that this school system is typical of the United States, that would be more
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broadly typical. Ttis wee difficult to arrange, given the numerous pressures
thet impinge upon the public school administrator, but the people with whom we
worked were very helpful and did the best they could.

Our classes in grades 4-6 were from en elementary school which contained a
broad distribution of backgrounds. The classes were existing units which were
turned over to our staff members for the designated period.

. In grades 7-8, the classes made available to ue were arithmetic, and the
9th grade cless composed of students supposedly with sufficient ability to be
teking algebra, but who were not doing so for one reason or another.

Becauge it was not possible to take so much time from the courge of instruc-
tion in high school classes of average or above-average sbility (the New York
State Regents exeminations were a factor operating here), our classes at the

high school grsdes were composed of volunteers from study hellg.

2. The "LNDI-1's".

At each grade level from the seme school system we requested a fairly com-
parable class in which logic was Not Deliberately Taught. Hence the designstion,
'LNDT'. Since there was snother set of students to which logic was not directly
taught, we added the numeral 'l' to the designation. The LNDT-1's served two
purposes: to provide more subjects for our study of the netural-cultural develop-
ment of knowledge of logic, end to provide a check on the efficacy of our teeching.
All the date thet we have on the LDI's we also have on the LNDT-1's.

3. The LNDT-2's.

Another group of students, the LNDT-2's, to whom we did not teach logic was
selected from a nearby school system. It is in an srea that is part of the larger
community of which the city is the hub, end, although it ie a rural community, it
is a suburb of the city.

We did not gather the same dete on the INDP-2's as on the others. . A socio=

economic status index was not secured, and the IQ scores were not from the same

Q
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test. These subjects were used primerily for date on the natural-cultursl develop-
ment of knowvledge of logic. We attempted to test all the students in grades 4.12

in the school system with our logic tests.

B. THE SOURCES OF OUR DATA.
We have the following data on our gubjects:
a. Grade level in school.
b. Chronological age.
c. Sex.
d. I.Q. score.
e. An index of socio-economic status (except LNDI-2's).

f. Pre-test snd post-test scores on the sppropriate Cornell
Deduction Test.

In this section we shall discuss, where appropriate, the instruments and/or
techniques we used to gather these dsta. However, we sh&ll not here be concerned
in any deteil with the instruments that we developed, the conditional and class
reasoning tests, since a separate chepter is devoted to them.

1. Readily Obtainsble Information.

The first three items, grade level, chronological age, and sex sre routinely
avalleble from school records. Chronological age was determinéd ss of the date
on vhich the pre-test wes given, which is approximately the date on which instruc-
tion at the given grade level started for the LDT's of that grade level. This
occurred in February or March of 196U, depending on the schedule for thet
particular grade.

I1.Q. score, although on the school records, required more discretion in
deta gathering. For the LDT's snd INDT-1's, which were from the same schcol

system, we chose the latest sveilable score on the Lorge-Thorndike Intelliggnce

Tests. Where both verbal and non-verbsl scores were availsble, we took the

arithmetic mean; where only one was availsble we used that. Fourth graders were
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tested with level 2 Lorge Thorndike, fifth and sixth graders with level 3, and

the rest with level 4. ALl I1.Q. testing had been done within the previous two
years except for that of the eleventh and twelfth graders, most of vhom were
tested in sixth grade and eighth grade respectively. Thus we were able to se-
cure fairly comperable scores from the school's récords for the LDT's and
Im-i's.

The use that we made of the INDT-2's did not require the same I.Q. test.
The school system from which they were drawn used a wide assortment of tests.
The majority of the scores of INDT-2's are on the California Test of Mental

Maturity, 57S, but because many are from other tests, the mean IQ's vhich we
report should be understood to be rough estimates.
2. less dily Obtainable Information.

8. Socio-economic status. Because of our interest in the relationship

between socio-economic status (henceforth called 'SES') and knowledge of logic,
we made a rudimentary attempt to secure for each LDT and INDT-1 a number that
bears a relation to SES. This number is based upon the occupation of the

parent, making use of Warner's seven-place occupational scale (1949, pp. 140-41).
Occupations with the highest socio-economic status receive a rating of 1, and
those with the lowest socio-economic status receive a rating of 7.

Two raters separately applied Warner's seven-point scale to the occupation
listed in the school records for each student's father, or mother if she was the
principal means of support. When the occupation did not appear in the school
records, we made gn effort, which was generally successful, to obtain it. We
did not, however, approach the subject's parents and ask them, feeling that this
approach would be resented, unless we devoted more time to it than we had avail-
able. In exactly 11 cases out of 428 (the totel mmber of LDT's and INDT-1's),
we were unable to determine the occupation with enough specificity to mak: an
assigmment. In those cases we made an arbitrary assignment of 6, because it

ERIC
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has been our experience that lack of infurmation or information that is too vague

ie a good indicetor of low sccio-economic etatus. Naturslly this assumption does

not hold in every case, so we made every effort to keep our use of it to a minimum.
We made the following additional emendments and/or additions to the Warner

scheme as presented on pp. 140-41 of Socisl Claes in America. These changes were

made on the basis of our knowledge of the prestige structure of this community,
witha which each rater has had considerable experience.

1. Unemployed people are not given a8 number in the Warner scheme. Although
inevitably there will be some errors in so loing, we assigned them the number 7.
At this time in the economic life of our country, this assignment is more realistic
than it would have been, eay, during the Depression.

2. People in the armed forces are not given a number in the Warner scheme.
We assigned the number 3 to officers (renk unspecified) and 6 to enlisted men.

3. Ccilege teachers also are not aseigned a number. To them we assigned the
number 1.

k. Werner aseigned the number 5 to dime store clerks. We changed that to 6.

5. Warner assigned the number 5 to hardware salesmen. We changed that to 4.

6. As we interpret his chart, there was no number assigned to quslified
eleqtricians who do not own their own businesses. We assigne the number 5,
since he assigned this number to carpenters and plumbers who do not own their
own businesses.

After each rater had practice-rated & class from a previous study, the raters
discussed their differences of opinion, which were small in megnitude and nuaber,
settled upon the above list of adjustments to the Warner scale, and proceeded
independently to rate all 428 LDI's and LNDT-1's. For purposes of'estimating
reliability of our ratings, we computed 8 Pearson product-moment correlstion
coefficient between the two sets of ratings. It was .95, indicating high scorer
relisbility.
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Since we were not able to use both sets of ratings, we adopted the simple
procedure of flipping a coin to select one set, which was used.

b. The Cornell Deduction Tests. There were two Cornell Yaduction Tests,

"The Cornell Class-Reesoning Test, Form X," and "The Cornell Conditional-Reagsoning
Test, Form X." The former wes administered ae a pre-test immediately before
teaching the LDT's for the grade, and as 8 post-test six weeks after the comple-
tion of teaching to all students in grades 4, 6, 8, 10, end 12; the latter wes
administered similarly to all students in gradee 5, 7, 9, and 11.

In this chapter we shall report only total scores » Which were computed wmaking
use of a correction formula. The score reported is rights minus % wrongs plus 27
(R- W/2 + 27). Each test had T2 items making the poseible range run from minus 9
to plus' 99. This scoring procedure and many other festures of the test will be
disct'xssed in the next chapter. Other scores and their analyses will be presented
in other chapters.

That completes the presentation of the sources of deta, except of course for

the discussion of the two logic tests which will fo}low in the next chapter.

C. THE FIGURES.

Given the previous descriptions of the groups and methods and/or instru-
ments for securing dats, the following table provides a general Picture of the sort
of subjects with whom we worked. Altogether there were 803 subjects, 217 LDT's,
211 LNDP-1's, and 375 LNDT-2's. Mesn I1Q for all subjects is roughly 114%* and mean
SES rating for LDT's and INDT-1's combined is 3.7. Thus our subjects are above

average, as one might expect for a college community in the Northeast.

*We say roughly” because purity of IQ tests ie not achieved because of the LNDT-2'3.
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TABLE III-3.

Basic Information on Our Subjects - cont.

Chrono-
logiceal Class Reasoning Conditional Reesoning
Age(mos. ) 1Q SES Pre-test  Post-test | Pre-test  Post-test
Grade {Group [Male|Female|Total | Mean SD | Mean SD | Mean SD | Mean SD | Mean SD | Mean SD| Mean SD
12 LDT 12 12 2L 210.8 { 4.0 } 127.8]16.9 | 3.1 1.9{80.4 |12.8] 8T.2 | 8.0
LNDT-1{ 08 09 17 212.2 2.9 | 134%.2{11.4 | 3.0 1.5!82.91 8.1} 83.5 |15.6
LNDT-2] 19 12 31 218.5 1 9.5 } 105.2|17.6 | 3.0 62.6 |15.3 | 62.0 |18.6
Totar|tpr |117 | 100 |217 6.8 (3.8 1 [ | 1777717177771
LNDT-1{109 | 102 {211 116.3 3.5
INDP-2[196 | 179 |[375 108.4
Grand
Total 422 | 381 |803 113.8 3.7




CHAPTER IV. The Cornell Deduction Tests

In order to measure our subject's knowledge of logic, we found it neces-
sary to develop our own instruments, there being no instruments availeble that
suited our purposes. Most existing instruments which are partly or wholly aimed
at testing for knowledge of logic do 8o on a rather global scale, and do not
attempt to secure separate measures of basic principles of logic. A key feature
of our approach is our interest in specific principles of logic on the assumption
that principles vary in the ease with vwhich, and the level on vhich, they are
acquired.

Two tests which do attempt separate interpretation for specific principles
of logic and vwhich made at least some attempt at comprehensiveness are worthy
of mention here. Unfortunately neither of these were usable » for reasons which
we shall give.

In 1919 Cyril Burt published an instrument called "Graded Reasoning Tests"
for use with individuals as opposed to groups. He did in developing the instru-
ment attempt to make a comprehensive coverage of basic principles of certain
types of logic. This instrument provided Burt with data which he used. to
support statements about when children develop certain logical abilities (Burt,
1019). However we were not able to use his instrument for several reasons:

1. Time limitations required the use of a group test. Possibly Burt's
instrument is adaptable (Fairgrieve, 1921), but we did mot try because of other
difficulties with it, given our purposes.

2. It calls on the person being tested to invent and supply & premise
(sometimes called a "suppressed premise"). The trouble here is that any argu-
ment can be made valid by supplying some Premise. Unless the individual is
tested individually it is difficult to see how to find out Just vhet premise
he was adding.

3. The final product was held by Burt to provide an overall score. There
is no score possible on a type or sub-type.

L. often a given form of argument is tested for by only one or two items.
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Granted that with individual testing, the exéminer can by asking the right ques-
tions often get a fairly good idea of the nature of a person's difficulty with
an item, but there is danger that something else will without detection affect
the respanse.

In a Ph.D. thesis completed in 1961, Shirley Hili reported on an instru-
ment thet she developed in order to investigate the degree of knowledge of logic
among 6, T, and 8 year olds. Her test appears to be satisfactory for adminis-
tration to groups, and is based on an attempt at a comprehensive coversge of
basic principles of valid arguments in class and sentence logic, but it was still
not satisfactory for our purposes.

The test was built so that thc most important feature of the distinction
between e velid and invalid argument could not be tested for. All proposed
conclusions either followed necessarily or contradicted the premises.

Although arguments in vhich the conclusion contradicts the premises are a
sub-class of invalid arguments, a more important sub-class is the group of argu-
ments in vhich the conclusion does not follow, but also in which the conclusion
does not contradict the premises. People are rarely trapped ir*> thinking that
an argument is valid in which the conclusion actually contradicts the premises.
The important distinction is between a valid argument and betweea one which
soreone might be inclined to call velid, but which really is not valid. The
rastery of this distinction is not tected for in this test. Thus it t6d was
unsatisfactory for our pwrposes.

In this chapter we shall describe the features that we deliberately built
into our instruments, and the rationale for having these features; we ghall
present information bearing on their reliability and velidity; and lastly we

shall suggest some lines along which we feel further development is possible.

A. THE STRUCTURE OF THE TESTS

The two tests that we developed are called "The Cornell Class-Reasoning

Test, Form X" and "The Cornell Conditional-Reasoning Test, Form X". fThey may
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be found in the Appendix to this report. Each is a T2-item multiple-choice test
designed for use with any of the grades with vhich we were concerned {grades
4-12). Each item in virtue of its logical form was expected to play a role in
measuring a person's knowledge of some principle or cambination of principles;
in virtue of its content it was expected to contribute to one of the three cone
tent components that we built into the test. First we shall discuss the logical
form of the items; then we shall discuss their content.

l. The Iog;lcal Form of the Items.

Bach test was constructed in such a manner thet it tested for knowledge of
twelve principles or combinations of principles. Six items were assigned to
each principle or combination of principles. Henceforth we shall refer to each
set of six such items as an 'item group'. There are therefore twelve item
group.s in each test.

In the conditional reasoning test the list of principles or combinations
ezbodied by the items corresponds very closely to the list of basic principles
of conditional reasoning given in Chapter II. In order that we could have some
combinations of principles we left the twelfth one off, on the assumption that
it is less often needed than the others; and used the eleventh one only in a
combination with another. Principles One through Ten, however, each had item
groups exclusively assigned to them. Table IV-1 gives the selection and ex-
tent of combinatioa of principles of conditional reasoning.

In the class reasoning test each of the basic principles had an item group
assigned to it exclusively, except Principle Taree which had two item groups
assigned to it. Item groups #3 and # embody symbolized arguments that are dif-
ferent enough to justify being distinguished, though they are both covered by
Principle Three. Thus nine item groups are assigned to specific principles of
class logic. The other three item groups are assigned to combinations of the
principles or to double applications of the principles. See Table IV-2 for the

specific nature of the assigrment.
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TABLE IV-1l. Logical Form of and Answers to Items in "The Cornell Conditionel Reseoning Test, Form X"

Basic u.onﬂ.ﬂnsuunu was used
- for the first two concrete
femiliar iteme (CF1 and Answer

owmw , the symbolic item for Answer Form of CFh
Item Princi- (SY) and the suggestive  Bagic to (Same enswer es besic Item Nunmbers
Group ple(e) item (8U) Form Form of CF3 CF3 form) CF¥* CF2 CF3 CFi SY Su*
1 1 If p, then q Yes If p, then ¢ No not p 7T O 27 1 19 3N
P P If not p, then q
tq : not q tq
2 2 If p, then q Meybe Same as Maybe p 9 13 26 18 34 23
not p basic form If not p, then q
tnot q t not q
3 3 If p, then q Maybe Seme es Msybe q 11 24 32 37 3
q bagic form If not p, then q
L : not p
L 4 If p, then q No If p, then q Yes not q 8 35 29 16 22 39
not q not q If not p, then q
S o) : not p : not p
5 5 If p, then q Yes Same as Yes If q, then r 45 55 66 52 U9 73
If q, then r basic form If not p, then q
: if p, then r ¢ if not p, then r
6 6 If p, then q Yes Same ss Yes If not p, then q 46 69 T4 56 - 61 50
¢ if not q, then not p basic form ¢ if not q, then p
T T If p, then gq " Maybe Same as Maybe If not p, then q
: if q, then p basic form If q, then not p 4 ST T7T 70 59 6k
8 8 p only if q No p only if q Yes not q 12 210 42 25 15 36
not g not q not p only if q
HE °) : not p t not p
9 9 p only if q Yes ponly if q No not p 10 17T 20 33 38 28
P P not p only if q
:q : not g : q
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TABLE IV-1 cont.

~ Basic Foim, which was used
for the firet two concrete
femilier iteme (CFl and Answer

QH..NW » the symbolic item  for Ansver Form of CF4
Item Princi- (SY) and the suggestive  Basic to (Seme enewer ag basic Item Numbers
Group ple(s) item (SU) Form Form of CF3 CF3 form) CF1L CF2 CF3 CF4 SY SU
10 1&5 If p, then q No If p, then q Yese If not p, then q 43 51 62 T2 6T 76
or 1l P P If q, then r
applied If q, then r If q, then r not p
twice tnotr HE o tnot r
11 10 P, if and only if q No P, if and only Yes P k41 sk 63 58 T8 60
‘ not p if g not p, if and only if
: q not p :q
: not g
12 1&11 If p, then q Maybe Seme a8 Msybe If not p, then q B 53 71 68 65 75
P basic form r only if q
ronly if g not p
:r :r

Note: The symbol ':' is used to introduce the propoeed statement.
* 'CF' stands for 'concrete familiar', 'Sy’ for 'symbolic', and 'SU' for ‘suggestive’.




IV-6

TABLE IV-2. logicel Form of and Answers to Items in "The Cornell Claseg-Reescning Teet, Form X"
~PBusic Form, which was used -
for the first two concrete
familisr items (CFl snd Answer
CF2), the symbolic item for Form of CF3 Form of CFh4
Item Princi- (SY) and the suggestive Basic (same snewer as (came snswer as Item Numbers
Group ple(s) item (SU) Form basic form) basic form) CF1* CF2 CF3 CFh4 SY* SU»
1 | All As are Bs. No X is an A At least some As evre Be. 8 35 29 16 22 39
: At lesst some As are ¢ X ie not an A. : no As are Bs.
not bs.
2 2 All As are Bs. Yes All As sre Bs. At least some AS are Bs. 7 W0 27 14 19 31
All Bs are Cs X is an A. All Bs are Cs.
¢ All As are Cs. ¢+ X is a B. ¢ At least some As are Cs.
3 3 All As are Be. Maybe All As are Bs. At leest some As are Bs. 11 24 32 37 30 W
: All Bs are As. X is 8 B. : All Be are As.
¢+ X is an A.
L 3 All As ere Bs. Maybe All As are Bs. At least some As sxre Bs. 9 13 26 18 34 23
All Cg asre Bs. X is a B. All Ce sre Be.
¢ At least some Cs are As. : X is an A. ¢ At least some As are Cs.
5 L Ko As are Bs. Yes No As are Be. No As are Be, and there 10 17 20 33 38 28
¢ No Bs are As. X is an A. are Bs.
¢t X is not a8 B. : At least some Bs are
not Ae.
6 5 All As are Bs. No All Ag sre Be. At least some As are Bs. 12 21 42 25 15 36
No Cs are Bs. X is not a B. No Cs are Be. .
¢ At least some As are Cs. ¢ X is an A. s All As are Cs.
Y { 6 All As are Bs. Maybe All Ae sre Bs. All As sre Bs. W s57T TT T0 59 6L

No Cs are As.
¢ No Cs are Bs.

X is not an A.
¢t X is not a B.

No Cs are Aes.
: At least some Cs are
not Bs.




TABLE IV-2 cont.

Item Princi-

Basic Form, which was used
for the first two concrete
familiar items (CF1 and
CF2), the symbolic item
(SY) and the suggestive

Answer
for
Basic

Form of CF3
(same answer as

Form of CFL
(same answer as

Group ple(s) item (SU) Form  basic form) basic form) CF1* CF2 CF3 CF4 SY* Sys
8 T No As are Bs. Maybe No As are Bs. At least some As are 8 53 TA 68 65 75
No Cs are Bs. X is not a B not Bs.
: At least some As are Cs. :+ X is an A. At least some Cs are
not Be.
¢ At least some As are Cs.
9 8 All As are B. Yes All As are Bs. All As are Bs, and there s 55 66 52 hky T3
: All non-Bs are also . X is a non-B. are non-Bs.
non-As. : X is a non-A. : At least some non-Bs
are non-As.
10 1&8 All As are Bs. No All non-As are At least some As are Bs. b3 51 62 T2 67 76
All non-Cs are also non-Bs. All non-Cs are non-Bs.
non-Bs. X is a B. ¢ No As are Cs.
: At least some As are ¢ X is not an A.
not Cs.
11 2 All As are Bs. No All Bs are Cs. At least some As are Bs. bk 54 63 58 T8 60
applied All Cs are Ds. All As are Bs. All Ce are Ds.
twice All Bs are Cs. X is an A. All Bs are Cs.
¢ At least some As are : Xis not a C. : No As are Ds.
not Bs.
12 2&8 All Bs are Cs. Yes All Bs are Cs. All Bs are Cs. b 69 T4 56 61 50
or 8 No Ds are Cs. X is not a C. No Ds are Cs.
applied All As are Bs. All As are Bs. At least some As are Bs.
twice ¢ No Ds are As. : X is not an A. : At least some As are
or not Ds.
2,485

Note: The symbol ':' is used to introduce the proposed stetement.
* 'CF' stands for 'concrete familiar?,

'SY' for 'symbolic', and 'SU' for 'suggestive’'.
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An additional logical principle which is often invoked in both tests is the
principle of double negation: that two negatives make a positive. Explicitly the
principle goes as follows: "If it is false that a statement is false, then the
statement is true, and if a statement is true, then it is false that it is false."
Now there are qualifications to be added to this principle, but this simple state-
ment of it holds in the cases in which it is needed. We do not consider this

principle to be tested for in this test, but rather assume that it is mastered.

To the extent that our assumption is false, the test is also a test for this prin-

ciple.
2. The Three Content Comgonents.

In a frequently-mentioned study Wilkins (1928) specified four types of con-
tent and attempted to see which kind made syllogisms more difficult. We have
selected her first, second, and fourth types for our tests. Heor four types are:

a. Concrete familiar, in which the content mentioned is concrete articles

and qualities vwith which the subject has been associated. However, no statements
are made which the subject has reason to believe to be true or false, because the
specific objects referred to are not Inown by the subject. For example instead of
saying, "All cats are black”, a statement with which the subject is likely to
disagree, a statement might be, "Mary's cats are black". The latter is less
likely to meet with agreement or disagreement, although there is still the pO8-
sibility of disagreement, if the subject identifies the Maery of the statement
with some Mary he knows.

b. Symbolic, inh which symbols like 'x', 'y', 'A', and 'B' are used in key
places, instead of terms that refer to particular objects. An example of a sen-
tence using symbolic content is the following: 'All A's are B's.'

C. Unfamiliar, in which the besic terms are scientific terms with vhich the

subject is expected to be unfamiliar, or are "nonsense words invented to sound

like scientific terms" (p. 13). For example, 'All hentres are globiculous', is
a sentence with unfamiliar content. |

WA, gg——
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d. BSuggestive, in which the content is familiar, but the truth status of this
content is known by the subject. Furthermore, "the truth or falsity of these state-
ments [conclusions/ wae at varisnce with their validity." (p. 13). In other words
the truth status of the conclusion was different from the validity status of the
argument. A person might be tempted to mark an argument valid because he agrees
with the conclusion, or invalid because he disagrees with it.

In our tests the three of Wilkins' four content components that we used sre the
onee we feel a person is most likely to encounter in realistic reasoning situations
in vhich his reesoning ability will make a difference. Our three content components
are the concrete familiar, the symbolic, and the suggestive. We do not think that
vhet she calls 'unfemiliar' content is likely to be encountered in situations that
make & difference. If a person meets arguments with such content, he will generally
not know what to do with the conclusion anyway.

This is not to ssy that arguments with such ¢ontent are useless in teaching,
for they can be very helpful in isolating questions of form, and they can be useful
in arousing interest, if handled properly. Furthermore it might well be that they
are good indicators of gresp of form. But ultimately our interest is a practical
one, s0 we, given the teeting tiise limits forced upon us by the situation, did not
include thie type of content in our tests.

The six items in each item group were assigned to the three content components
in the following wey. Four of the items had concrete femilisr content, e fifth
had symbolic content, and a sixth had suggestive content. There were some formal
variations among these, incidentally, vhich we shell describe next.

A basic logical symbolic form wes assigned to each item group. It sppears in
Column 3 in Table IV-1 and Tsble IV-2. This basic form was used for two of the
concrete familiai' items, the symbolic item, and the suggestive item. The third
and fourth concrete familier items embodied slight formal changes, in order to pro-

vide greater variety in the representstives of each principle or combination.
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Because class and conditional reasoning differ in their baegic structure » these
variations differed.

In the conditional reasoning test the third concrete familiar item negated
the conclusion, unless there were good reasons not to do so. That is, if the
conclusion called for by the basic symbolic form is positive, the one provided
is negative; and if the conclusion called for is negative, then the one pro-
vided is positive; unelss, as we said, there are good reasons not to do so.

Whet are the reasons? There are two:

1. If the basic form is invalid, then denying the conclusion reduces the
temptation to judge it valid, making the item considerably easier. So for those
four item groups in which the basic form is invalid, the third concrete familiar
item conforms to the basic form.

2. If the conclusion is itself a conditionai statement, a denial of it
becomes awkward to state. Note that the denial of "If Sam misses the bus, then
he will walk to school" is not "If Sam misses the bus, he will not walk to
school”, which is not awkward to state. Instead the denial is, "It is not the

case that if Sam misses the bus, he will welk to school”, which is awkward.
Hence the third concrete familiar items conformed to the basic logicel form in
two additional cases (Groups 5 and 6).

The fourth concrete femilier item in conditional reasoning varied from
the basic form by having one of the basic sentences negated throughout, and by
having premises in different order, vhen there are two or more premises. Table
IV-2 presents symbolic representation of this variation.

In class reasoning the third concrete familiar item contained at least one
class membership statement in the Premises instead of all class inclusion and
exclusion. A class menbership statement asserts the membership or nonmenbership
of one thing in a class, whereas a class mclusionorexclmionstatmtapem
about the relation between classes.

©

ERIC
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The fourth concrete familiar item in the class reasoning test contained at
least one statement of partial inclusion.

The composition of each item group is presented in Tables IV-1l and IV-2.
3. Item Format.

We sought an item format thet would meet the following criteria:

a. Provide a wey for a subject to show that he knows that a proposed conclusion
does not follow, even though it does not contradict the Premises.

b. Avoid vechnical language, yet ask whether an argument is valid.

c. Provide more than two alternstives in multiple choice form.

d. Provide fairly equal numbers of each type of answer.

e. Allow for separation of different items of the same logicel form.

f. Be understandable to fourth graders without insulting twelfth graders.

€. Avoid confusing truth snd validity.

h. BNot require elsborate directions.

i. RNot require an elaborate scoring procedure.

Jo Minimize irrelevant errors.

After much experimentation and discuesion we settled upon 8 format which asks
the subject to suppose (&) certain premise(s), and to decide vhether, on the basis of
the supposition, e further thing would be true. We shell csll this further thing
the 'proposed rtetement' and the woriginal supposition the 'supposed statement(s).
There are three possible answers, 'Yes' » 'No', and 'Maybe', each of which is ex-
Plained in the directions by means of six sample problems. Furthermore a brief
explanation of each response appeers at the top of every page.

The response 'Yes' indicates that  the subject thinks the proposed statement
follows necessarily. 'No' signifies that the rroposed statement contradicts what
has gone before. 'Maybe' means that the proposed statement neither follows neces-
sarily nor contradicts -- that its truth is not necessarily determined by the estab-
lishment of the truth of the premises.
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We introduced the 'No' response partly in order to meke possible three choices
instead of the two suggested by the distinction between validity and invalidity.

We wanted three choices in order to lessen the attractiveness of wild guessing and to
lessen the chances of its success. We were sble to introduce this 'Ko' response as

a correct answer by tsking conclusions to valid arguments and then denying themn.

For the 'No' response, the proposed statement ie then a denial of & conclusion that
followe necessarily from the supposed statement(s). A second resson for having a
"No! response is that doing so enabled us to avoid a prepondersnce of 'Yes' answers
over 'Maybe' answers.

In introducing this 'No' response we were well aware that we were running a
risk. There is an additional principle involved in each of these items: That the
denial of a statement which follows necessarily from supposed statements can not be
accepted, if the supposition ig accepted. This principle is elementary, but it must
be invoked. Failure to inwvoke it, es contrasted with failure to know the basic
principle(s), could explain errors thst are made. Thus there is an additionsl
possibility of error of measurement. We feel that the advanteges gained are worth
the risk.

The reader is referred to the copies of the tests in the Appendix to see the
sample problems and initial directions. Let it suffice here to yresent the top-of-

the-page interpretation of the answers snd an item from the class reasoning test:

Here is a reminder of the meaning of the possible answers:

A. YES It must be true.

B. ™ It can't be true.

C. MAYBE It may be true or it may not be true. You weren't told
enough to be certain vhether it is "YES" or "NO".

7. Suppose you know that

All the cars in the garage are Mr. Smith's.
All Mr. Smith'e cars are Fords. A, YES

Then would this be true? B.
All c¢f the cers in the garage are Fords. C. MAYBE
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In order to avoid poseible confusion separate answer sheets were not used. Sub.jecté
circled an answer on the right.

Although there are many strong argumente on both sides we directed students not
to guess wildly and used a scoring formula. We did this becauese, in additien to
the standsrd arguments, we feel thet a critical thinking test should not encourage
wild guessing, and that pert of being & critical thinker is knowing when you do not
know. |

The following direction appears on the front of both teste:

DO NOT GUESS WILDLY. There is a scoring penalty for guessing wrong.
If you think you have the answer, but are not sure, mark that anewer.
But if you have no idea, then gkip the question.
The scoring formula which we used is: Score = R - W/2 + 27. The 27 wes added in
order to make negative scores unlikely.

4., Item Arrangement.

The first six items are sample items in each test. They are drswn from other
types of logic than class and conditionsl r:zasoning. Items 7 through 78 in each test
are divided in two perts, although the subject is not informed of this fact. The
first part contains the item groups for the six easiest forms, as determined in our
tryouts. The second pesrt contains the item groups for the more difficult forms.
Thus it might be possible to cut the test in half for testing younger children or
for other purposes.

Since our item groups are generslly numbered in recommended teaching order, and
not necesssrily in order of increasing test difficulty, some of the groups in the
second helf of the conditional test represent principles in the first six on the
teaching order list.

Items were arranged so that no two items from the same item group sppeared on
the same page, and so that the dietribution of answers would sppeer fairly random
to the subjects. The specific assignment of items to test item numbers is @hown in

Tables IV-1 and IV-2.
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B. OPERATIORAL DEFINITIONS OF 'MASTERY OF X PRINCIPLE'

Our basic interest is in determining whether or not a given principle of
logic has been mastered. Since there are no’ established criteria for meking such
a determination, we developed our oW, realizing of course that our results are
correct only to the extent that our criteria are satisfactory and that the ques-
tion of the satisfactoriness of our criteria is not strictly an empirical matter.
It is partly also a matter of the meaning of the term 'mastery' and of the neaning
of the principle involved.

Since there is no outside criterion, one principa) empirical question is
vhether the criterion operates reliably (or whether it is based upon a relisble
measure). Another empirical question might be vhether the criterion-based judg-
ments are in agreement with the Judgzngpts of experts, but of course their Judg-
ments must be based upon the non-empirical meaning features mentioned asbove.
Since these judgments about meaning require a great deal of attemtion to the
operation of the particular criterion snd there is a limit to the amount of ex-
pertise that can te exercised, we did not go outside our own staff for such ex-
pert judgments. (We did seek outside opinion asbout the validity of the total
tests and vill present that later.)

What a person mterestedinourreseuchmtdoistoMnemmtem
in very specific terms and decide for himself vhether they reasonsbly conform to
the meaning of the phrase, 'mastery of x principle’. In short the non-expirical
aspects of our criteria are not arbitrary, but they are matters of intelligent
Judgment rather than empirical investigation.

Our ciiteria took the form of operational definitions. The operational
definition structure that we uged is as follows (abstracted from Ennis,
196lic): First there is a specification of en operation performsble by an
investigator; this specification eppears in a conditional cleuse. Next
comes a statement of some nortornlationmipbetnenthennmotmci-
fisble observations and the application of the term being defined. In

. l{llC effect the operational definition gives an incomplete empirical interpretation

Full Tt Provided by ERIC.
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of the meéning of an sbstract term, because the relationship is claimed to hold
vhen the operation has been performed, but no cloim is made gbout the status of
the relationship ot other times, or when other operations have been performed.

Furthermore the operational definition should have some explicit qualifiers
like ‘'probably' and ‘under standard conditions' if there is a reasonable chance
that something might go wrong in the measuring process. Since there ordinarily
is such a chance in dealing with human beings, it is best to include such quali-
fiers in our operational definitions.

First we shall give an informal preeentation of one of our operational defi-
nitions; then we shall give the same definition formully; finally we shall dis-
cuss some dengers in our approach.

Put informally the operational definitions of mastery of one of our princi-
ples go as follows: Given that we have administered the "Cornell Conditional
Reasoning Test, Form X" under stsndard conditions and have scored it according
to the key given in Table IV-1l. Then if a subject gets right at least five of
items 8, 16, 22, 29, 35, and 39, we can be fairly sure that he has mastered
Principle #4 (Given an if-then sentence, the denial of the then-part implies the
denial of the if-part). Furthermore if he gets fewer than four of those items
right, we can be fairly sure that he has not mastered Principle #.

One might choose to regard the foregoing as two operatibnal definitions or
as one. It does not matter. For convenience we regard it as two operational
definitions. The distinction between them appears in the following pair of for-
mal operstional definitions of the same principle. The first gives a sufficient
conlition of mastery, given the operation; the second gives a necessary condition
of mastery, given the operation:

1. IfY is given "The Cornell Conditional Reasoning Test, Form X* under

standard conditions; then if Y answers correctly at least five of items
8, 16, 22, 29, 35, and 39, Y has probably mastered Principle #.
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2, If Yis given "The Cornell Conditionel Reesoning Test, Form X" under
standard conditions; then it is probable that Y has mastered Principle
# only if Y answers correctly at least four of these items: 8, 16, 22,

29, 35, and 39.
These two operstional definitions of 'mastery of Principle f4' gerved as our criteria

for estimating the per cent of students at each grade level who had and had not
mastered Principle #4 of conditionel reesoning. We used gimilar operational
definitions for each of the other principles for which we hed & corresponding
itenm group.

It is important to note that the above peir of operational definitions does
not specify a decision for a subject who correctly answers exactly four of the items
in an item group. If a subject correctly answers at least five, then he is Judged
to have mastered the principle. If he does not correctly answer at least four
(that is, if he correctly answers three or fewer), then he is judged not to have
mastered the principle. But the person who has a score of four is not put in either
category.

There is 8 reason for, framing the operational definitions this wey. Such people
we think are borderline cases, so we have accommodated the operstional definitions
to this fact. We do not desire to be committed, even with the qualifications that
exist in the definition, when a person snswers correctly exactly four of an item
group. We do not want to say that he has mastered the principle, and we do not want
to say that he has not mastered the principle. We want to leave the question open.

One of the dangers in this operational specification of the meaning of 'mastery
of Y vrinciple' is that we might be taken to have exhsusted the meaning of the
thrase with our necessary snd sufficient conditions; that is, we might be taken to
heve equated the meaning of this phrase with a finite set of "behaviors", as people
so often say. A careful examination of the logical form of owr definitions should
make it clear thet we are not doing this. If we were to do so, then we would be

coomitted to saying thet no other test of mastery of these principles can attain

 validity simply by virtue of the meaning o 'mastexy of X principle’.
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Furthermoi'e our qualifying terms, 'probably' and 'under stendsrd conditions'
protect us from being unalterably committed to the view that a subject who by wild
guessing answers correctly five of the six items in a group knows the principle.

A behavioristic interpretation would commit one to such a view. Our judging
procedure will classify such a person as one who has mastered the principle, but
the looseness of our definition enables us to avoid such a commitment.

In summary, even though operationism is often associated with behaviorism,
we want it to be clear that our operational definitions should not be so associated.

A second danger in 0\;1' approach arisee from the number of items in an item
group: six. The use of six items instead of more represents a compromise that we
struck. Pressures that operated to keep down the number of items were the need to
avoid taking too much school time of our subjects, and the desirability of including
a variety of prir;ciples and combinations thereof. Given these pressures, together
with the fact that our items Are so directly and clearly related to their princ;ples,
a study of’ our tryout test reliabilities made us willing to utilize part scores based
upon six items. This use of these part scores was fairly successful, from the point
of view of reliability. For a discussion of the reliebility of parte and wholes at
each grade level, see the next section.

A third danger in our use of these operational definitions ie the possible con-

fusion with respect to those item groups which represent combinations of princi»“es

and with respect to Item Groups #3 and #4 of the clase reasoning test, both of which
enbody Principle #3.

We shall deal with the latter preoblem first. Since operstionsl definitions do
not present complete interpretations of the meaning of terms, the double pair of
operational definitions of 'mastery of Principle #3' (class ressoning) supplement
each other. Does this imply that we must have complete agreement between these two

item groups? No, it does not. Systemetic and random variations, errors, end mis-

understandings are bound to slip in. One does not even expect (nor achieve) complete
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agreement among thermometers of different types, although they are supposedly
measures of the same thing, temperature, and are mentioned in operational defi-
nitions of 'temperature'.

A glance of the difficulty index development on class reasoning Item Groups
#3 end #4 (Teble IV-9, p. 31) shows that these two item groups are mot vastly
different from each other, although Item Group #4 appesrs more difficult,
probebly because of its grester complexity.

The other problem, that of confusion resulting from the combination of
principles for some item groups, may be stated in two parts:

1. The mastery of which principle is being defined?

2. When alternstive combinationg of principles can be used to justify a cor-
rect judgment for a given item group, which of the alternatives is being defined?

The first part of the problem can be answered by stating that it is 'mastery
of the combination of Principles X and ¥' that is being defined.

The second part of the problem is not one we have been able to solve to our
satisfaction. It is probably the result of the redundance » mentioned in Chapter
II, that is built into the list of principles. This redundance is the cost of
intelligibility and utility ‘for teaching.

One way out i8 to say that the necessary condition operational definition
can be used to show, if the necessary condition of at least four correct is not
met, that probably no one of the combinations has been mastered. Furthermore
the sufficient condition operational definition cen be used to show if the suf-
ficient condition definition of at least five right has been met, then at least
one of the combinations has probably been mastered. Thus the test results have
a verbal interpretation, but the test is not serving, in these sufficient con-
dition instences, as a vehicle of interpretation of particular principles or

combinations thereof.

These operational interpretations represent a new approach to the relation
between empirical date and the concept of mastery. We would like to see it tried
and tested in other areas, and are using it because we feel it has promise.
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C. RELIABILITY

Because of the principle and content components of the tests, it did not
seem appropriate to compute a split-half reliability estimate.* There Just
was no way to divide the tests into two equal halves. So we are reporting a
test-retest reliability estimate based upon the groups that did not receive
logic instruction, the LNDT-1's and the LNDT-2's. They are lumped together for
these purposes. The administrations of the test were about ten weeks apart in
the spring of 196k,

These estimates are reported in Tables IV-3 and IV-4 by separate grades
for total score, component scores, and item group scores. Accompanying these
estimates are the means and standard deviations on the pre-test for each score
on which a test-retest relisbility estimate is presented.

We had expected to find that the reliabilities would be lower and errors higher
vhen the mean scores were near their extremes (e.g., an-item group score near O or
near 6). .That is why we report-the means and standdrd devistions in:these
tables.

However, a visual inspection of the reliability estimates suggests that
they are relatively independent of the difficulty of the item groups. This
impression is supported by the tables of standard errors of the item group
scores (Tables IV-5 and IV-6). The standard errors hover around one, even though
the difficulties of the item groups vary considerably.

In order to make a rough check on the relative size of the standard errors,
we divided them into two groups and computed the mean standard error for each
group. One group consisted of those for which the mean score on the item group
was within 1.5 points of U4, that is, between 5.5 and 2.5. The other group con-
sisted of the rest, that is those for which the mean scores were distant from

our mid~-cutting point. For conditional reasoning these mean standerd errors were

* We prefer to speak of a reliability estimate » rather than a reliability,
because we are securing only estimates of the actual reliabilities.
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TABLE IV-3. Test-Retest Reliability Estimates on the Conditionsl Reasoning Test

All Grades

Grade O5 N=T76 Grade O7 N=75 Grade 09 N=6L4 Grade 11 N=5)

Type of | Scoring ﬂwwm . Mean®*
Score Formula Score | Mean SD r | Mean SD r | Mean SD r | Meen SD b o r
Total (R-W/2)+27 | 99 k2.7 11.% .76}51.2 12.4 .65|51.8 11.3 .78] 53.5 4.0 .80 .75

Content
CF R L8 23.6 k49 .60}27.1 5.5 .63|27.5 5. .62}27.8 6.7 .Th .65
sY R 12 5.8 1.8 .k8: 6.6 1.9 .50} 6.6 2.0 .63] 7.0 1.8 .48 .53
SU R 12 kbt 2.2 .61] 59 19 .| 58 2.0 .62| 6.0 1.9 .56 .55
Item
Group
1 R 6 b3 1.6 .59 k5 1.3 .56| 48 1.3 .63| b4 1.3 .37 | .5k
2 R 6 .3 1.3 .50 1.8 1.6 .48} 1.5 1.6 .61} 2.3 1.7 .60 .55
3 R 6 1.1 1.2 .51 | 1.7 1.k .34)] 1.6 1.k .57| 1.9 1.4 ks A7
4 R 6 3.5 1.6 .54| 4o 1.5 .27} 3.9 1.4 .51 3.7 1% .3; R51
5 R 6 3.3 1.5 .55| 3.9 1.6 .58{ 4o 1.6 .61| k.1 1.5 .57 .58
6 R 6 3.5 1.7 .63| 3.8 1.6 .kO| 3.7 1.9 .50 3.% 1.5 .44 .50
T R 6 9 1.3 .54)] 1.6 1.7 .38} 1.7 1.9 .69| 2.3 1.8 .61 .57
8 R 6 b1 1.6 .56 49 1.2 .57 5.0 1.3 .56 4.9 1.4 .64 .58
9 R 6 b2 1.4 .,50| 4.6 1.2 .38 4.8 9 .43} 5.0 .9 b 43
10 R 6 3.4 1.7 67| k2 1.7 .5k} 4L 1.6 .70| a1 1.7 .4k .60
11 R 6 3.3 1.6 .62 3.9 1.4 .39] k1 1.5 .57 3.7 1.3 .39 .50
12 R 6 1.6 1.5 .68{ 1.1 1.4 .55 1.0 .1 .28 1.4 1.2 .33 48

* Using Fisher's Z.
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Grade O4 N=T1 Gresde 06 N=78 Grade 08 N=T76 Grade 10 N=54 Grade 12 N=50 N..._m.auu
Type of | Scoring %Mm. Mean
Score § Formuls Score|l Mean SD r [Mean SD r |Mean SD r {Mean SD r |Mean SD r r*
Total | (R-W/2)+27| 99 | 43.7 15.6 .83 [53.3 1h.9 .88|5k.8 17.9 .66 |71.k 12.0 .84 |70.0 16.0 .86 | .83
Content .4
CF R - 48 25.5 7.6 .80 |30.4 7.1 .85|30.8 8.3 .63038.2 5.1 .79 379 7.4 .85] .19
sY R 12 k.9 1.7 4| 5.5 1.7 .36| 5.3 1.9 .27 | 6.9 1.9 .70 7.0 1.7 .62 | .50
SU R 12 s 2.4 .52 | 5.5 2.5 70| 6.2 2.8 53183 2.2 60| 7.7 2.7 .13| .63
Item
Group
1 R 6 4.3 1.8 .60 | 53 1.1 .66| 5.4 1.1 47| 5.7 0.7 k4 5.7 0.8 .17 | .60
2 R 6 3.6 1.k .43 | k2 1.3 69| 4.2 1.4 .54 5.2 0.9 M1} 5.1 1.2 .65 ] .55
3 R 6 1.7 1.7 64 ) 2.5 1.8 71| 2.9 1.6 62| 4.0 1.7 .68 L.k 1.7 .76 { .69
4 R 6 2.5 1.6 .ks5 | 2.6 1.4 ,39] 2.8 1.k .61 3.5 1.3 431} 3.9 1.3 .68 | .52
5 R 6 3.5 1.5 8| k2 12 .3¢| %2 1.2.33{ 47 0.9 .38 b5 1.2 .| ,38
6 R 6 3.6 1.6 .53 | kb 1.4 b4 | WL 1.4 49| 5.2 1.0 72 | 5.2 1.0 .38 | .52
T R 6 1.9 1.7 .51 |2.3 1.8 .,59| 2.2 1.7 .48 3.7 1.7 .60| 3.8 1.7 .46 .53
8 R ° 6 2.3 1.8 .57 [ 2.6 1.7 .64] 3.0 1.8 .56 | k.2 1.4 .37 .3 1.7 .45 | .52
9 R 6 2.9 1.7 .50 [ 3.4 1.5 49| 3.2 1.6 .38 |3.9 1.3 .48 | 3.8 1.6 .48 Y 4
10 R 6 2.4 1.5 .32 (2.6 1.4 .26| 2.8 1.6 .30 3.5 1.4 1|32 1.7 .50 | .36
11 R 6 2.7 1.6 .M | 3.4 1.5 40| 3.4 1.7 40 [ B9 1. 52 | k.4 1.5 .51 | .46
12 R 6 3.6 1.4 .32 [3.7 1.3 44| Lo 1.4 .33 |L4.8 1.2 36 | 4.4 2.4 .58 | .
* Using Fisher's Z.
o)
. |




TABLE IV-5. Standard Errors of Item Group Scores - Conditional Reasoning

Item N=76 N=175 N = 6k N=51
Group Grade 05 Grade O7 Grade 09 Grade 11
1 1.02 86 <19 1.03
2 .92 1.15 1.12 1.08
3 .84 1.14 .92 1.0k
b 1.0 1.28 98 116
5 L.01 1.0 1.00 98
6 1.03 1.24 L3 1.12
7 ) .88 1.34 1.05 1.12
8 L.0§ B 8 )
9 g o T il
10 %8 115 88 L7
u -9 1.25 % 1.02
12 .85 9k .93 .98

"y

Note: If the stabdard error is underlined, the mean score on this item group is
vithin 1.5 points of 4; thet is, between 2.5 and 5.5
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TABLE IV-6. Standard Errors of Item Group Scores - Class Reasoning

étr::p gr:denoh ngaZaos gr:dz608 gr:dzhlo ~lcgr_:;a:.-jo 12
1 1.25 1.37 1.92 1.37 1.40
2 124 £ 80 52 38
3 1.06 B % 6 n
. 1.19 1.09 81 %8 B
5 1.08 2 -8 n -2
6 1.10 1.05 1.00 :53 1
7 1.19 1.15- 1.23 1.08 1.25
8 1.18 1.02 1.19 L1 1.2
9 1.20 1.07 1.2 B 1.16

10 1.24 1.20 1.3k 1.08 1.20
1 L2 116 132 76 1.05
12 115 Bl 1.15 :96 )

Note: If the standard error is underlined, the mesn score on this item group is
within 1.5 points; that is, between 2.5 and 5.5.
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practically identical, 1.01 and 1.03 respectively. For class reasoning the
mean standard errors were 1.05 and 1.32 respectively, giving a difference in
the expected direction. But this is still insufficient to warrant the claim
that there is an appreciable decrease in error around the crucial cutting
poin@:s.

Thus we were unable to find grounds to support our expectation that the
item groups would be more sensitive around the mid-range than at the extremes.

As is expected, the reliability estimates for the total scores are the
largest, running from a low of .65 on the conditional reasoning test for seventh
grade to a high of .88 on the class reasoning test for sixth graders. Corre-
lations on the class reasoning test tend to run sliéhtly higher than on the
conditional reasoning test, the mean total score correlation on the conditional
reasoning test being .75 and on the class rea;soning test .83.

The component reliability estimates sre not so higﬁ as those for the total
scores, presumably because of the fewer number of items. The concrete familiar
components each consist of 48 items altogether, the reliability estimates
running from .60 on the conditional reasoning test for fifth graders to .85
on the class reasoning test for sixth and twelfth graders -- with a mean of
.65 for conditionsl reasoning and .79 for class reasoning.

The symbolic components, each consisting of twelve items, had correlations
running from .27 for grade eight on the class re&oning test to .70 for grade

ten on the same test. The mean correlations are «53 for conditional reasoning

" and .50 for class reasoning.

On the suggestive component estimates of relisbilities ranged from .40
on the conditional reasoning test for seventh graders to .73 on the class
reasoning test for twelfth graders. The means are .55 on conditional reasoning
and .63 on class reasoning. |

The item grouwp test-retest correlations ranged from .26 for Item Group $10

~of the class reasoning test at grade level six to .77 for Item Group fi for grade
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twelve on the same test. The mean item group correlation for the conditional
reasoning test is .52 and .50 for the class reasoning test.

‘ Since these item group reliability estimates are based upon only six items
apiece and are for srores to be used with groups rather than individuals, they
are encoursging even though they average around .5. The total score reliabilities
are of course more satisfactory, but have the disadvantage of representing a

composite score, rather than a fairly pure score.

D. VALIDITY

Several approaches to the validity of the tests suggest themselves:
Examining the items and the procedures used to develop them to see if these
items do represent the subject matter that they are supposed to represent;
asking outside experts to judge whether in their opinion the test does test for
vhat it is supposed to test for; determining the test's correlations with
familiar measures and seeing if these relationships mske sense; examining the
internal features that empirical investigation shows the test to possess; seeing
how much sense one can make out of the investigations which depend upon the?ﬂ
test; and seeing the extent to which the test correlates with some established
valid measure of vhatever it is that the test is supposed to measure. In this
section we shall report on all but the laszt of these approaches to the determi-
nation of validity. The last approach, which sometimes appears as concurrent
validity, and sometines as predictive validity, we shall not use, because there
is no established outside criterion for measuring vhet we want to measure.
1. Content Validity.

Part of our argument for content validity reste upon the procedures vhich we
used to develop the test. We made a careful study of the field of logic, and
examined different kinds of specific examples of logical reasoning in everyday
life: newspaper editorials, U.S. Supreme Court opinions in support of decisions,
and an auto mechanics handbook. We found no cases of class or conditional
o reasoning which were not Govered by our principles. The principles, as was
ERIC
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pointed out in Chapter II, are.basic and comprehensive.

Furthermore we engaged in continuous consultetion witbh members of the
Coinell Philosophy Department who are interested in logic. Professor Keith
Donnellsn, vho has the major responsibility in the Philoseophy Department for
knovwledge of logic among graduate students, has examined and taken the tests,
and judged them to be valid.

Lastly the content of the items together with the instructions is evidence
of the test's content validity. Each item calls for an answer to the question
vhich is the central question in logic: Does this statement follow necessarily?
And the answers depend upon whether one has the right answer to that question in
each case. Furthermore the correct answers to the items are justified by the
principles. There is an obvious relation between the items and the principles,
as can be seen by an inspection of the items. The relationship goes both ways.
Not only dothe principles immly the right answers to the items, but generally
speaking, getting five or six of an item group right loosely implies a knowledge
of the principles. Admittedly this last claim is not onethat can be proven; it
is one that we rest upon the intelligent judgment of informed interested people.
2. Construct Validity.

In looking at the construct validity of these tests, we are looking at
the degree to vhich they meke sense in their internal and external relationships..
This makes our concern very broad, broad emough to include concern with.content
validity as well. But since that has already been discussed, we shall limit
the present discussion to the other elements of construct validity.

a. Correlations with Femiliar Measures. Becsuse knowledge of logic is an

intellectusl trait, we expected to find s substantial correlation between logic
test scores and IQ scores. Furthermore it is partly a verbal intellectual trait
80 we expected to find at least some relationship between logic test scores and
socio-economic stetus (SES). Presumsbly knowledge of logic 1s something that
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increases with age (Burt, 1919; Piaget, 1950, 1958, 1959; Hill, 1961) - until

maturity anyway - so we expected a substantial correletion with chronological

age for our subjects when the various grades are grouped together. We did not
expect to find any sizeable relationship between age and lagic knowledge when

figured at each grade level separately.

Although we expected sex to be unrelated to logical ability, we were not
sure. Burt (1919), Miller (1955), snd Hill (1961) found no relationship, but
Sweeney (1953) found thet men did significantly better on logic tests, though
verbal intelligence was controlled.

We obtained correlations with these familiar variables that were basically
in sgreement with our expectstions.

in Table IV-7, which is based on pretests for LDI's and LNDT-1's combined,
one can see, substantial correlations between IQ, grade held constant, and both
tests. This is also the case for chronological age when grades are lumped
together. The correlations with age by separate grade levels are small and
generally negative, two of the nine being significent at the .05 level. This
is insufficient proof of a small negative relationship, but should there be one ’
it would not be surprising. In fact it would be rather interesting, for it would
suggest that in a given grade the more able logicians are the younger ones. This
in twn suggests the explanation that inherent mental ability is a more signifi.
cant factor in logical ability than it is in grade placement. And this in turn
fits in with the substantial relationships that were obtained with IQ. These
speculations bear further investigation.

There are generally small positive correlations between SES and logical
knowledge, six of the nine correlations being significant at the .05 level.
The correlations between the tests and sex are small and on either side of

zero. There does not seem to be any relationship.
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TABLE IV-7. Correlations Between Total Scores on the Cornell Deduction Tests
and Certain Familiar Variables: Chronological Age, I.Q., Socio-
Economic Status, and Sex.

(Beparate  (Crades
Grades) Combined)

Grade N CA CA Q 8BS SEX

Conditionsl Reasoning
05 53 -.09 .61 24 .00
o7 k7 -.09 <6l +28 S
09 Lo - 2 .70 13 17
n 18 -+05 .35 W12 .09
5,759 & 11 188 - 11 58 +20 10
Class Psasoning
ol bt =236 213 232 e
06 58 -.07 6 =61 =36 225
08 k9 -.12 - 25 -.10 -.05
10 ko =26 26 .26 -<09
12 ] .23 . <ho -.22
k,6,8,10, & 12 235 ., -.12 52 26 =+00
Notes:

1. These are based upon the pre-test scores of the LDT''s and the LNKDI-l's.

2. A correlation that is significant at the .05 level is underlined.

3. For 8ES, signs have been reversed for esse of interpretation. A
positive correlation on this chart indicates that those with high
SES's did better than those with low SES's.

h. Mmericsl assigmment for sex gave boys a one and girls a two. Hence
& positive correlation suggests that girls were better in that group.

5. Details about instruments used can be found in Chapter III.

6. The correlations for CA for grades combined are bdased only upon those
ambers of the LDT's vho were used for computing the mmltiple regression
equations discussed in Chapter VI. For conditionsl reasoning, N = 6k;
for class reasoning, N = 82,

T. Correlstions were averaged via Fisher's 2.

©
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b. Item Analysis. Difficulty and discrimination indices for each item

at each grade level were conxputed. The difficulty index in this case is the
percent of students taking the test who answered the item correctly. A low
index signifies a difficult item.

The discrimination index shows how successfully the item discriminates,
using in this case the total score on the test as a ceriterion. It is secured
by separating out the top and bottom 2T% of a group using the above criterion.
The percent of subjects in the bottom 27% who correctly answer the item is Bub-
tracted from the corresponding percent in the top 27%. In general the larger
the result, the more discriminating is the item, unless the difficulty indices
are near the extremes.

Tebles A-1 and A-b in the Appendix 1list the difficulty and discrimination
indices for each item at each grade level for all subjects on the pre-test and
in addition, for the LDT's on the pre-test and the post-test. These indices
are arranged according to item groups and the mean for each item group is
rresented as well, giving an idea of the comparative difficulty end discriminating
power of the item groups and perhaps the principles. The discussion in Chapters
V and VI of the natural cultural development of logic knowledge and the capacity
for logic knowledge will draw heavily upon these tables. .Here we shall make
only the most obvicis comments and present a few interesting means.

Tebles IV-8 and IV-9 in this chepter provide something of a summary of this
detailed difficulty and discrimination iNformation, by giving the means on the
pre-tests for each item group, component, und total at each grade level. This
summary, vwhen it ie exsmined from the point of view of the development of under-
standing of logic, is quite revealing, but that is the topic of the next chapter.

Let it be noted, however, that there is considerable variation in the Qaif-
Ticulty levels of the various item groups, with a range of 14.1 - 87.6 on the
conditional reasoning test and 30.2 - 95.4 on the class reasoning test. These

-
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TABLE IV-8. Mean Difficulty and Discrimination Indices For The Conditional Reasoning
Test, Based Upon .re-Test of LDT's, LNDP-1's, and LNDT-2's Combined.

Mean Difficulty Indices Mean Discrimination Indices
e d2 9 b B e % % T
Item

G’g“P .4 T 7.3 78.8 37.0 321 18.9  3k.9
2 2.7 274 24.8  35.3 -17.9  16.7 5.3 27.8
3 17.7 26,8 3.5 35.7 -13.0 6.2 3.8 29.k4
b 55.T 68.7 59.6  65.0 50.0 33.9 2k.2 25.4
5 56.T 67.9 66.3 T6.1 37.0 U43.2 242  35.7
6 56.5 66.2 57.7 65.3 50.6 30.8 13.6 1k.3
T k3 2k 28.6 L3.2 12.3 9.3 22.7 53.2
8 68.6 80.6 T7.9 85.T k7.5 35.2 3.8 30.9
9 7.8 T8.3 T8.6 87.6 39.5 33.3 2.9 23.0
10 sk.7 T1.2 68.8 TT.6 36.4 k6.3 39.B  U46.0
1 sk.6 66.0 64,2 66.2 51.9 30.2 28.8 23.0
2 2.3 17.8 19.% 21.6 6.2 6.2 3.0 5.6
CF 8.9 s55.4 55.2 61.8 23.2 26.3 19.4 32.0
sY 8.1 55.8 534 59.5 29.0 26.5 21.2 19.1
U b1.3 534 53.3 59.9 4.3 26.5 22.3 3.8
5?2“:222? k7.5 55.8 546 1.5 28.1 27.0 19.8 29.1

Mean Discrimination Index for All Grades on Totel Test: 26.0
Total N = 359
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TABLE IV-9. Mean Difficulty and Discrimination Indices For The Class Reasoning
Test, Based Upon Pre-Test of LDT's, LNDT-1's, and LNDT-2's Combined. -

Mean Difficulty indices Mean Discrimination Indices
Grade 4 6 8 10 12 L 6 8 10 12
N= ok 103 100 75 T2 ok 103 100 75 T2
Item
Group

1 76.1 90.6 91.5 93.4k  95.k4 53.3 22.6 21.0 5.0  10.0

2 55.7 64,9  6T.7 824 82.7 32.7 274 37.0 15.0 20.0

3 30,2 k2.9 k9.2 66.5 T75.0 240 WO.5 39.5 39.2 L5.0

b 3.4 k2.6 b7.7 58.0 66.7 20.7 23.8 31.5 25.8 3h.2

5 é4.T TO.T 66.3 8.0 T9.9 30.0 1k3 19.7 10.8 22.5

6 él.7 T6.9 T9.0 8.5 87.1 k.0 26.8 38.3 158 25.8
( 33.9 38.0 365 58.7 €30 6.7 T 377 37T W.T
8 37.1 b2k 51,7 6716 TL.6 28.0 M.T 43.2 38.3 U5.8 i
9 51.1 56.3 58.5 66.7 58.1 k.5 20.8 32.7 17.5 26.7
10 k3.6 4.2 52.5 59.3 55.3 30.0 31.6 39.5 20.8 20.8
1 52.1 62.3 66.3 T9.3 T8.3 38.7 27.%4 45.7 19.2 38.3

12 .7 4¥3.9 53.2 61.1 59.7 23.3 26.8 W2.6 27.5 k.7
CF 5k.5 64.8 67.2 T8.5 TT.3 32.3 28.9 32.5 19.2 29,0
SY b3.1 W48 W64  55.0 61.7 22.3 20.5 25.0 24.6 28.3

Su k. k7.2 56.2 67.3 67.0 331 k.0 48.2 28.3 Lh.6

Mean for
all

items 49.3 56.6 60.0 T1.6 T2.T 30.7 29.0 35.7 22.2 31.5

Mean Discrimination Index for All Grades on Total Test: 29.8.
Total N = Lhlk,
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ranges extend across grades, but one can see thet certain item groups are more

difficult than others. This is in conformity with the view that certain prin-
ciples of logic are more difficult than others and are learned later. It is in
conflict with the view that one kind of logic is learned at one stage in life and
another kind learned at a later stage. It appears that parts of one kind are
learned before parts of the other and that parts of the other are lesrned before
parts of the one.

The level of the mesn difficulty indices (ranges: 47.5 - 61.5 for conditional
reasoning andM for class reasoning) suggests that neither test,
vhen administered for purposes of securing a total score, is too difficult for
grades 4-12.

Our purpose in developing this test, however, was not primarily that of
securing a total score, but rather to ensble us to determine whether a certain
principle of logic has been mastered at a given level. Hence we do not approach
the test with a preconceived idea of what the mean difficulty levels of the
item groups should be. Instead we in a way seek to find out what the mean dif-
ficulty levels are in order to find out vhat is mastered and what is not.

The discrimination index pattern, in conjunction with the difficulty index
pattern, is quite interesting from the point of view of development, but as we
said, that is the topic of the next chapter. The following observations are
relevant here:

1. The only item group that consistently fails to discriminate at all
levels of administration is conditional Item Group #12. This may be be-
cause of its great difficulty (mean always below 30%). With instruction in
logic incidentally, as will be seen in Chapter VI, the item group becomes
considerably easier in grade eleven with a mean difficulty of 62%.

2. Other cases of low mean discrimination indices are found at either

the early grades or the advanced grades, the former spparently becsuse the item
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group is difficult at that level, and the latter because the item group is quite
eagy at that level. Cases of the former are conditionsl numbers 2, 3, and class
number T; cases of the latter are class numbers 1 and 2.

3. All low discrimination indices are thus accounted for except the fairly
low ones in grades nine (13.6) and eleven (1k4.3) for Item Group #6 in conditional
reasoning. We do not have an explanation for these fairly low indices, nor for
the fact that they are so much lower than the index for this item group in grade
five (50.6). However, they are not embarrassingly low; they are just fairly low.

With this one exception, then, 8ll low discrimination indices are accounted
for by the purpose of the tests, which was to ascertain whether members of a set
1list of basic principles were mastered at various levels. Unsurprisingly there
are some vhich at a given level are either easy enough or difficult enough to
result in low discrimination indices.

Given the purpose of these tests, the discrimination and difficulty index
patterns are satisfactory.

c. Making Sense in the Context of the Study. A third type of argument for

construct validity tries to show that the results of the use of a particular
instrument make sense. Thus in a way the argument for validity of these instru-
ments depends in part on the intelligibility of the experimental findings. Hence
the next two chapters, which present the experimental findings in the areas of
natural-cultural development and readiness development, are implicitly discussions
of the construct validity of the tests. Roughly speaking the more intelligible

the results, the more valid the teet is shown to be.

Several idess for further development of the Cornell Deduction Test Series

(or of some other deduction test series) have occurred to us before and vhile
appraising these two tests:
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1. Tests of other kinds of deduction should be deve10pe;1. Ordinal reasoning
and other kinds of sentence reasoning (alternation, disjunction, conjunction,
and combinations of these with each other and conditional reasoning) should be
developed first, because the principles for these types are fairly well developed.
Tests for deontic, alethic, epistemic and other forms of logic must await the
preparation of a set of principles for esch of these types. Hence the second
recommendation.

2. Principles of types of logic other than class, sentence, and ordinal
should be formilated. This is & very difficult task.

3. Satisfactory methods should be developed for using the two existing
tests with lower elementary students (grades 1-3). One possible adjustment is
to shorten the tests. Esch test is designed so that the second half (Items 43-78)
can be dropped off without destroying the item group structure. Instead six
of the more difficult item groups are simply omitted. Tables IV-1l and IV-2
show which groups would thus be omitted.

During the pilot year of the project, we developed what seemed to be promising
procedures for administering early editions of deduction tests to lower elemen-
tary students. For second and third graders items were simply read aloud vhile
they followed along and marked answers directly on the test booklets. Testing
time wvas broken up into separate periods of twenty or thirty minutes apiece.

Two people handled classes of twenty to twenty-five students in this mamner.

For first graders five students at a time were tested for periods of twenty
minutes, the first of these periods being devoted simply to instructions and
practice problems. A geparate answer sheet was used (see Appendix) and the
questions were read to the children. One person handled the testing but was

very busy.
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On the basis of this experience we feel thet group logic testing with
this sort of test is possible at the lower elementary level. Incidentally Hill
(1961) tested lower elementary students in logic, but did not face the problem,
vhich, as we indicated early in this capter,» should be faced, of getting subjects
to judge whether an argument is invalid or not, when the proposed conclusion does
not contradict the premises.

4, Scores on these tests should be correlated with other measures of logic
knowledge, such as grades in an elementary logic course and scores on other
logic tests. It would be particularly interesting to see the relationship between
these tests and an open-ended logic test in which subjects are asked to supply
the conclusion themselves, the intent being to see the extent to which a multiple
choice test like these can be used as evidence of ability to deduce conclusions,
given only the premises. Thus one could see the extent to which these tests
fail to test for deductive creativity (if they fail at all).

5. These tests could be expanded so as to include more items in each item
group, thus achieving a more reliable measure of each principle, but of course
sacrificing either comprehensiveness or compactness. Such a sacrifice will be
necessary if one wants to use the test to measure and predict individuals'
scores, as can be seen from the item group reliability estimates.

6. The tests could also be expanded to include a negation component. Hill
found that negation was an important source of difficulty in logic for lower
elementary students (1961, p. 66). In a way the conditional reasoning test
has & negation component built in by means of the CF4 items. These had mean
difficulties vhich were lower at each grade level than the totel mean dif-
ficulties and the mean difficulties for each of the components. CPFi mean dif-
ficulties at grades 5, 7, 9, and 11 are respectively 38.4, 45.8, 43.3, and 50.0
as compared with total meen difficulty indices of 47.5, 55.8, and 514;6, and 61.5.
Hence negation appears to be an importent source of difficulty.
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T Much correlationsl work could be done in an attempt to see relation-
ships between various personality and other variables and the logic components.
One might wonder whether an authoritarian personality, for example, is relatively
poorer on the suggestive component than is some contrasting personality type.

F. CHAPTER SUMMARY

This chapter commenced with a description of the basic structure of the
tests by presenting the three components (concrete familiar, symbolic, and
suggestive); showing the distribution of these components within each group of
s8ix items; showing the relationship between the item groups and the principles
of logic which were presented in Chapter II; and explaining the item arrangement
and format. Next operational definitions of 'mastery of X principle! were
developed. Roughly speaking these operational definitions specified getting
correct at least five out of an item group as a sufficient condition for mastery
and getting at least four as a necessary condition for mastery.

Next came the presentation of reliasbility estimates, which consisted of
test-retest correlations. Split-half correlations were not used, because it was
not possitle to split the tests into .equivalent halves. These correlations were
reported for total score, component scores » and item group scores at each grade
level that took each of the two tests. The mean relisbility estimate on "The
Cornell Clase Reasoning Test" is .83, and is .75 on "The Cornmell Conditional
Reasoning Test". The mean correlations for the components and item groups are
lower, but sufficient in our judgment for use of the tests with groups.

Discussions of content and construct validity came next, with the latter con-
sisting of three parts: correlations with well known variables, item analyses )
and making sense out of the experimental results. In effect, this last topic is
the problem of the next two chapters on the experimental results.

Finally a mmber of suggestions for further development of logic tests were
made.,




Chepter V. The Netursl-Cultursl Development
of Knowledge of logic

The development of knowledge of logic under contempory conditions is the
topic of thie chepter. We ghall not ettempt to make any estimetion of the
degree to vhich development is attributable to nature as opposed to nurture.
We shall simply try to describe whet we heve found in this group of 803
upper New York Stete students vhose ages range from sbout 9 to 18, end whose
mean IQ is roughly 114. We do not doubt for a moment thet enviromment has
pleyed a significent role in the development of their logicel capecities.

One cannot, for example, be sure that there hes been no previous con-
scious effort to teach them logic. On the contrary it is presumable that
most students have received at lesst some informal instruction from their
parents, their teachers, or their peers. But we do know thet our steff did
not teach logic to these students prior to the test sdministration which
this chapter considers. In the next chapter we will consider vhat leter
heppened to those students to whom we did try to teach logic.

A. THE LITERATURE

Jean Piaget iz the best known and most prolific contributor to the
literature on the development of knowledge of logic. First we ghall examine
his characterization of the formal operationsl stage, vhich he holds runs
from ages 11-12 on. Then we shall pose questions which his views suggest
and on wvhich the pre-test edministration of the Cornell Deduction Tests
throws some light. Other studies will then be considered for their bearing
on these questions.
1. Pisget's Formal Operatione.

A stendard claim made by Piaget is that the concrete operational period
. of thought runs from ages 7-8 to11-12, at vhich time it is followed by the
formel operational period, the spex in the development of thought (e.g.,
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Inhelder and Piesget, 1958, p. 1*). In the approaching discussion we shall
emphesize formsel operationsl thought, but shell drew upon his notion of
concrete operstional thought for purposes of contrast.

@. The Real Versus the Possible.

According to John Flavell in The Developmental Psychology of Jean Piaget,
"The most important genersal property of formal operational thought, the one
from which Piaget derives all others... » concerns the real versus the pos-
sible.” (1963, p. 204). Apparently it is the ability to desl with the pos-
eible, rether thsn just the real, that supposedly is uniquely found in the
formel operational period. We have found in Pisget three, perhaps four,
different basic features of thie cognitive ability to desl with the possible,
instead of just the resl:

1) The first is the ability to Judge an argument on the basis of ite
validity ae opposed to judging it on the basis of one's belief sbout the

Iruth of the conclusion. We shell call this the 'truth-validity chsracter-
ietic'. It is manifested in several ways: by reasoning from sesumptions
vhich are known to be false, by reasoning from assumptions whose truth
status 1s not known, and by reasoning and concluding without regard to the
truth status of the conclusion.

According to Pisget: \
Childish reasoning beteween the years of 7-8 and 11-12 will there-

> fore present 8 very definite feature...: reasoning thet is connected

vith actual belief, or in other words that is grounded on direct obser-

vation, will be logical. But formsl reasoning will not yet be possible.

For formal ressoning connects assumptions -- propositions, that is,

in vhich one does not necessarily believe, but which one admits in

order to see vhat consequences they will lead to (1928, pp. 250-51).

¥Henceforth in this chapter, as in Chapter II, we shall refer to this work by
citing the year, 1958. According to the distribution of authorship reported

in the Preface (p. xxiv), the perts that we are quoting and referring to are
actually written by Haget.
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More specificelly Piaget says the following things: The formal Operatignal
thinker i sble to reason "on the basis of assumptions which have no neces-
sary relation to reality or to the subject's beliefs... He relies on the
necesgery validity of an inference as opposed to agreement of the conclu-
sions with experience" (1950, p. 148). "To reason formelly is to take one's
premises as simply given, without enquiring vwhether they are well founded or
not...; belief in the conclusion will be motivated solely by the form of the
deduction"* (1928, P. 251). During the concrete operstional period, on the
other hend, "the child cannot resson from rremises without believing in them.
Or even if he reasons implicitly from assumptions which he makes on his 6wn,
he cannot do so from those which are proposed to him" (1928, p. 252).

Flavell says, "In general, Pisget finds that contrary-to-fact 'vhat if'
suppositions...tend to be foreign to the thought of middle childhood"

(1963, p. 208). Flavell is here emphasizing a striking pert of the truthe
validity characteristic, thst of working from assumptions which one actually
disbelieves.

The suggestive component of the Cormell Deduction Tests is aimed at this
truth-validity charscteristic. In each item in this component the validity
status of the ergument is different from the truth statues of the conclusion,
and often the premises that are offered are obviously false. To identify
these items in the tests, which mey be found in the Appendix, see Tables IV-1
end IV-2 in Chapter IV for the item mumbers assigned to this component.

'2) A second festure of the sbility to desl with the possible is the
ability to operate in the framework of all the possible combinations in a
given situation. Since this characteristic vag discussed st some length in
Chepter II, one quotation should suffice here:

* Presumedbly here he mesns 'velief -hat the conclusion follows necessarily’;
not 'belief that the concluaion is true'.’ The latter is suggested by his
choice of words, "belief in the conclusion”.
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If we sccept the tagk of describing the structures which actually
operate in the subject's minde, we have to use the criteria furnished
by the combinatorisl system in distinguishing between concrete ... and
formal ... operations (1958, p. 280).
Chepter II attempts to clerify Piaget's notion of a combinatorial system.

Presumably the Cornell Deduction Tests do not teet for this characteris-
tic of the ability to deal with the possible. If, however, doing conditional
reasoning, which implies doing propositional reasoning, is alleged to imply
working within e combinatorial system (and, as we pointed out in Chepter 1I,
there is some suggestion to this effect), then the entire conditionel reason-
ing teet is a test of this combinatoriel characteristic. We do not think
that Piaget would went to allow this, so, until told otherwise » we sghall
maintain the presumption that the Cormell Deduction Tests do not test for
this cheracteristic.

3) A third feature » 88 Plaget views the real-possible distinction, is
the sbility to control varisbles in (presumebly) an empirical investigation:
Iwo discoveries found st the beginning of the formal level are (1)

that factors can be separated out by neutralization ae well as by

exclusion and (2) that e factor cen be eliminated not only for the

purpose of analyzing its own role but, even more important, with

& view toward analyzing the variations of associsted factors.( 1579, p-asgs)
The Cornell Deduction Tests do not test for this characteristic, unless it is
alleged that this cheracteristic and conditional reasoning ability are logi-
cally interdependent. Because Piaget seems to relete all of the features of
the formal stage to each other in a menner thet is never clearly specified,
there is some ground for thinking that Piaget might allege the sbove logical
interdependence. But again, until told otherwise we shall assume that Piaget
would not consider the Cornell Deduction Tests to be meesures of ability to
control variables.

%) Whether the fourth feature should be considered part of the resl-

possible distinction or e separate feature of the concrete formel distinction,
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is problematic. This fourth feature is the ability to do propositional logic,
instead of just clase logic. According to Flavell, as quoted above, the real-
possible distinction is "the one from which Piaget derives all othere", so
presumebly the clsse-propositionesl distinction should be derived from it as
well. Furthermore, as we indicated in Chapter II, there is reason to believe
that Piaget wants to connect ability to do propositionsl reasoning with the
ability to deal with the possible instead of just the real.

But, as we aleo indicated in Chaepter II, to hold this view sbout
propositional logic is to hold a different notion of propositional logic
than the stendard one and then the one which is operation in this project.
The most charitable interpretation of Piaget's views is thst propositional
reasoning is definitionally independent of ebility to deal with the possible.
We shell adopt this interpretation.*

In any case Piaget mainteins that propoeitional reasoning (and thus
sentence and conditional reasoning) is not possible until asge 1l1-12.

"The child at the concrete level (stage II: from 7-8 to 11-12 years) cannot
yet hendle... propositionel logic...." (19%8, p. 1).

The conditional reasoning on "The Cornell Conditionel Ressoning Test"
corresponds 1o much but not all of Piaget's propositional logic. Omitted,
because of time and space pressures, are alternation, disjunction, and con-
Junction. Included ere conditionsals, which, roughly speaking, ere statement:
containing the word 'if' snd its synonyms. That Piaget finds conditionals
to be a centrsl part of his propositional logic is seen in the following
quote which, in referring to implications between propositions, is referring
to conditionals:

¥Even though we 1ist this propositional-class distinction along with the
others.
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Formal operestione, therefore, consist essentially of ‘implications'
(in the narrow sense of the word) and 'contradictions' established
between propositions which themselves express classifications,
seriations, etc. (1950, p. 149).

b. Kinds of Formal Thought.

Recently Plaget has introduced two stages in formal thought which he
calls IIIA and IIIB, the former running from 11-12 years to 14-15 years and
the latter from 1k-15 years onward (1958, p. 1). He holds thet it is not
until IIIB that the child thinks in terms of necessity of relations (pre-
sumebly empiricel relations) instead of comstancy (1958, p. 11); and that

the full grasp of the concept, all other things being equal, is attained

(1958, p. 43). Neither of these features is a feature of formal logic and
neither is tested for by the Cornell Deduction Teste.

Interestingly Pisget does not suggest, so far as we can find, that any
principles of conditional reasoning are attasined later than others, nor that
any is more difficult than another. Similarly he does not distinguish among
principles of class reasoning, nor among principles of alternmation, disjunc-
tion, and conjunction. Instead he lumps all of sentence reasoning together
(under the title "propositionsel reasoning") and all of clese reesoning
*Imge‘l:her{~ saying that the lestter can be done in the concrete operational
stage but that the former cannot be done until the formal stage. There
seems in his work to be no differential treatment of either type of logic,
in so0 far as development is concerned. He does of course recognize different
principles of reasoning, but for study of development and mestery, he lumps
them together.

c. 8tages.

Pieget talks as if there are stages in the intellectual (including
logicel) development of youngsters. The claims about the concrete opera-
tional period rumning from 7-8 to 11-12, and the formal operational period
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running from 11-12 onward sound ae if he does think in terms of stages.
Naturally the distinction between the meaning oq 'stages of growth' and

'continuous growth' is a difficult one to draw, so it is hard to put the

question in a precise menner. And Piaget does not help very much, perhaps

becsuse his views are changing. In Judgment and Reason}gg in the Child

he speaks fairly explicitly of distinct stages:

The evolution of intelligence is therefore not...continuous, but
rhythmical; it seems at times to go back upon iteelf, it is subject
to waves, to interferences, and to 'periods of variable lengths'
(1928, p. 215).

On the other hand his introduction in The Growth of Log;cal 'lhinki_gg_

from Childhood to Adolescence of two subdivisions of the formal operational

period, stages IIIA and IIIB, suggests on his part a belief in more continuity
of development than is implied by the above quotation.

The data of the present study has bearing only on the age range 10-18,
and thus should not be considered as evidence on the claim that there is a
concrete operational stage. It is some evidence on the question of the
existence of stages in knowledge of logic in adolescence. But whether Piaget
ever actually meant to raise thies question specifically is unclear, because
the distinction between IIIA and IIIB is not a distinction between types of
logical knowledge.

Unfortunately the question of the existence of stages is basically an
unclear question because there is lacking a criterion of how much of a
leveling off is necessary for there to be a stage. The question is essen-
tlally e pragmatic question, since the answer depends on one's purposes.

We interpret the question, "Are there #tages?" as meaning, in effect, "Is
there enough of a regular leveling off for a long enough time for the
leveling to be significent for one's purposes?”" Thus it is quite important

to specify the pwrposes. Out of some purposive context, the question is
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at least partly indeterminate. Perhaps that is why there is so much dispute
about Piaget's alleged cstages.

The concept, stage of development, is & tricky one. We do not feel

that justice has been done it in the preceding paragraphs. Awaiting a
good analysis of this concept we shall limp along with the above intuitive
notion of purposiveness. Perhaps this will do, given the current lack of
thorough and detailed information.

d. Questions Posed by Piaget‘s Work.

The age range covered by the present study (roughly 10 to 18) corresponds
approximately to that of Pisget's formsl operational period (11-12 onwerd).
Because his work on thie period is so extensive and well-known, we presented
hie theoretical description in detail in order to show the taking-off point
for the natural-cultural part of our study. Of the four basie features of
the formsl operationel period (posseseion of the truth-velidity characteris-
tic, ability to operate within the framework of a combinatorial system,
8bility to control variables, and sbility to do propoesitionsl logic), our
findinge are relevant to the first and fourth.

These two festures are the ones treated in the current study because
they are the ones that sre clesrly relsted to ability to do deductive logic.
The other two are either peripheral or unrelated, depending on the interpre-
tation given them.

What we have done is not to be regarded primarily as s test of Piaget's
claims, but as an extension and refinement of them. By and large we find
his claims to be @ bit too vague and/or indeterminate for careful testing.
His concepts and concerns did, however, provide us with ideas for the ques-
tions vhich are listed below. Although, as the reader will see, our answere

to these questions still leave much that is indeterminate, they ars more
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definite than Plaget's claims and hence are an extension and refinement of
them. Of course there is a degree of testing of his claims as well.

For the genesis of the follgwins six questions we are intellectually
in debt to Piaget. These questions were suggested by his work and strike
us as theoretically interesting and practically important, from the point
of view of someone making decisions about the development and placement of
materials in a curriculum.

1. 1Is there actually a development of logicel ability as children grow
older?

2. Does this development (if there is any) come in stages?

3. 1Is conditionsl logic masstered by age 11-127?

4. Is class logic mestered by ege 11-127

5. Is the truth-validity cheracteristic achieved by sge 11-127

6. Within each type of logic, is there a development of one sort of
thing before snother and are some things more difficult than others at s
given level? If so, vhat is the neture of this differentisl development?

Of the above questions, we feel that the last is the most interesting
and the one toward vhich this etudy makes an original contribution. The
first question wvhich is about vhether there is development, has an unsur-
prisingly affirmative answer from the present study. The second gquestion,
once you are past the problem of specifying the criteria for s stege, is
though still not essy to amswer, very much dependent on what one regards a
stage to be. Unsu prisingly the evidence of this study points towerd sn
ensver of "Partly” for Questions 3, 4, and 5. But Question 6 is the one
that brings forth specific refinemente in gross ststements sbout class logic,
sentence logic and the truth-validity characteristic.
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2. Other Studies.

This discussion is organized around the six questions Just asked.
a. Is there a development of logical ability as children grow older?

In addition to Plaget the following people, 8s a result of their research,
contend that there is such a development: Bonser (1910), (though his tests are
hardly logic tests), Burt (1919), Winch (1921), Moore (1929) and Hill (1961).
Miller (1955), on the other hend, did not find development in ability to
recognize fallacies in grades 10, 11, and 12. However, many of Miller's
fallacies are not fallacies of deductive logic and he worked over a span of
only two years; so we are inclined to feel that the weight of evidence from
the literature is in support of the initially plausible view, that there is
development of logical ability as children grow clder.

b. Does the development come in stages?

Out of some purposive context, this question is partly indeterminate.
Hence it is difficult to report others' results on the question. We can
only indicate shether what they found struck them as being regular develop-
ment.

Moore (1929) believes that the development in knowledge of deductive
logic thet he found in children of ages 6-12 wes regular (and hence not in
stages). Burt (1919, p. 126) and Winch (1921, pp. 138, 209, 28k) found
regular improvement with grsde. Hill (1961, p. 51), working with students
of ages 6-8, found regular development in their kmowledge of logic. Since
Miller (1955) found no development in ability to recognize fallacies in
grades 10-12, his results are not inconsistent with the stage hypothesis.
On the whole, we feel that the reports of resesrch do not support any stage
hypothesis, perticulerly in viewv of the fact thst we are unsble to see
support for it evem in the experimental findings of Piaget himself. But be-
csuse of the context dependence of the question, one must not on this basis

EI{ILC mke 8 definite judgment sbout the existence of stages.

Full Tt Provided by ERIC.
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c. Is conditional logic mastered by age 11-12?

Considersble research has been done which suggests (in conflict with
Piaget's claims) that children can do at least some conditional reasoning
before 11-12; Bonser (1910), Burt (1919), Winch (1921), Woodcock (1941, p.
136), Bill (1961, p. 51). But the question of whether and to what degree it
has been mastered by age 11-12 has not been investigated. KNow Piaget does
not state that it is fully mastered by the age 11-12, but he does not indi-
cate the extent to which he thinks it is mastered after this age is attained.
The two earlier-mentioned characteristics of the distinction between stage
IIIA end IIIB do not help, because they are concerned with empirical rather
than logical matters.

To our knowledge no pure conditional logic tests have been administered
to sdolescents and analyzed for the degree and Hnd of knowledge shown.

d. Is class logic mastered by age 11-12?

The references cited under the previous question also support the conten-
tion that at least some cless logic is mastered before 11-12. And Piaget
would agree with this, though one camnot be sure wvhether he thinks that all
of the basic principles of class logic are mastered by the end of the con-
crete operationel period. One might think 80, since class logic is a charac-
teristic of this period, according to Piaget. However, all he says is that
only class logic is used in this period (1958, p. 1). He never specifically
states the extent to which he thinks it is mastered, so far as we can deter-
mine.

e. 1Is the truth-validity characteristic achieved by age 11-12?

8o far as we can determine, Pisget is the only person who has made
claims sbout the attaimment of the truth-velidity characteristic before age
11-12. A mmber of studies of this component of logical ability are mentioned
in Chepter IV, but they are 8ll on older people. Since these studies gener-

ERIC

Full Tt Provided by ERIC.



V-l2

ally show that suggestive arguments with content are handled less ably than
arguments with concrete familier content, the minimm answer suggested by
these studies to the question is that the truth-validity characteristic is
not fully achieved by age 11-12; So far ss we can tell, Piaget does not
comnit himself to a degree of attaimment of the characteristic, just as he
does not comnit himself to a degree of attaimment of propositional and class
logic.

f. Within each type of logic, is there s development of one sort of

thixgrbefore another and are some things more difficult than others at a

given level? If so what is the nature of this differential develo;ment?

There is not much evidence on this matter. Except for his sttention to
the truth-validity characteristic, Piaget seems to have ignored it. Hill
(1961) explicitly raised the question with respect to knowledge of different
principles and found in ages 6 through 8 no pattern thet she could discern
(p. 57). However, her test, it should be remembered, did not test for any
fellacies. In class reasoning Wilkins (1928, p. 77) found the components to
te in the following order of increasing difficulty for college students:
concrete familiar, suggestive, symbolic, and unfamiliar.

Burt (1919), es a result of his experience developing and administering
his "Graded Reasoning Tests" held thai the basic mechanisms of formal rea-
‘soning are ell there by the mental age of 7, and that differences are re-
sults of complexity.

All the elementary mechanisms essential to. formal reasoning are
present before the child leaves the infants' department, i.e.,
by the mental age of seven, if not somewhat before. Development
consists primarily in an increase in the extent and variety of
the subject-matter to which those mechenisms can be applied, and
in an increase in the precision and elaboration with vhich those
mecharisms can operate. The difficulty of 8 test depends upon

its complexity, that is in the mein upon four points: how
many conunections have to be made between one idea
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and another -« only three, as in the ordinary syllogism, or four,
or more? How many of these connections has he to supply himself?
How closely are these connhections to be knit together -- in
parallel, in series, or in & more or less intricate system? How
far do they fall into the same category <« of time, space, number,
etc., or differ one from another? Other points, what is the pre-
cise nature of these connections -- temporal, spatial, numerical,
causal, etc. -- and of their interconnections -- hypothetical,
disjunctive, etc. -- are of little importance.
Burt's four aspects of complexity mentioned in the above paragraph (number of
connections, number of connections to be supplied by the subject, intricacy
of total, and extent of being in the same category) are potentially workable
categories of research. Of course they need to be defined and clarified, but
one might classify arguments according to these categories and see if subjects
at various levels can handle them.

Our éirficulty with these four categories of Burt's is that they do not
seem immediately useful in making decisions sbout curriculum and grade place-
ment of materials. The reason for this is that we now think in logic in terms
of valid and invalid arguments, cless and sentence reasoning, and various
rules of inference. It would be possible, but inconvenient, to think instead
in terms of Burt's four aspects of complexity, suitably reformulated. However,
before turning to Burt's categories we should try to work with the established
ones and see if differential development exists in terms of the established
categories. Hence the present study is framed in terms of the established
categories of logic. It would be worthwhile in the future not only to repli-

cate this study, but to compare the fruitfulness of the two conceptual

schemes.

Sumery.

Piaget's discussion of four basic features of formsl operational thought
(possession of the truth-validity characteristic, asbility to operate within
8 combinatorial framework, ability to control variables, and ability to do
propositional logic) provided a conceptusl springboard for the framing of the
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above six questions sbout the naturalecultural development of knowledge of
logic. Although there will be a testing of his claims to some extent, the
current study is to a greater extent concerned with the extension and re-
finement of his views.

Te evidence of others supports the contention that there is develop-
ment of logical ability; does not support the view thet this development comes
in stages; suggests that the basic principles of both conditional and class
logic are not mastered by age 11-12; supports the contention that the truth
validity characteristic is not fully developed by age 11-12; and has little
to say about the differential development of principles and components of
logic. The major contribution of the current study to knowledge about the
natural cultural development of logic is its exploration, conceptualization,

and tentative results on the differential development of knowledge of logic.

B. THE RESULTS
Like the previous section this part of Chapter V is organized in accord
with the six listed questions.

l. Is there a developnent of lgggcal abilij.y as children grov older?

That our results indicate a positive answer to this question can be
seen in a number of weys. In Chapter IV Tables IV-8 and IV-9, which give the
mean pre-test difficulty indices for item groups, components, and total test,
show a development from the lowest grade to the highest on 8ll item groups
except #12 conditional, on all components, and on both tests as a whole.
Apparently Item Group #12 conditionel is just too difficult for any develop-
ment to show within the range with vhich we worked.

Inspection of total scores on the tests for LDT's, INDT-1's, snd LNDT-2's
separately also reveals this development. These scores appear in Chapter
III in Teble III-3. Table V-1 in this chapter presents the mean total pre-
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test scores for each grade level, all subjects combined. Again development |
with advancing age and grade can be seen. For interpretation purposes this
table also presents the mean chromologichl age, IQ, and estimated mental age.
Even though the IQ scores are on different tests, resulting from the combinae
tion of the LNDT-2's with the others, these scores help to explain the
larger jumps found from the 5th to the Tth grade on the conditional reasoning
test and from the 8th to the 10th grade on the cless ressoning test.

Teble V-1 also presents the mean pre-test scores for all subjects com-
bined on the components and item groups. Again development is in evidence
in every case except for #12 conditional. If one looks more closely at these
figures than simply inspecting the figures for the youngest and oldest, the
significance of IQ as weil as age and grade is again suggested.

There are altogether 112 different steps from one grade to the next take
ixgg into consideration total, component, and item group scores. Of these 112
steps, 16 are down, 2 are at the same level, and 9% are up. Let us examine
the 16 steps down. Only one of them occurs wvhere there is an increase in
mean IQ from one grade to the next, and thet is again for Item Group #12,
conditional. Of the others, 6 occur in the shift from grade T to 9, condi-
tional; 4 occur in the shift from grade 9 to grade 11, conditional; and the
other 5 occur in the shift from grade 10 to grade 12. In the first two of
these three shifts there is an actual decrease in the mean I.Q. In the
third shift the mean IQ (120) stays the seme. The other U shifts (grades 5
to 7T, 4 to 6, 6 to 8, and 8 to 10) are accompanied by increases in IQ.

However, there are still some steps that do not quite fit the explanetion
that uses only a combination of the chronological age, grade, and IQ factors.
Perheps there is also a leveling off in grades 9 through 12 (CA roughly 15
through 18 years; MA roughly 200 through 260 months). We shall retwrn to
this possibility when considering the stage question.

ERIC
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TABLE V-1. Mean Chronological Age; IQ; Estimated Mental Age; and Total,
Component, and Item Group Conditional and Class Reasoning
Pre-Test Scores; by Grade for All Subjects Grouped Together.

Conditional Reasoning Class Reasoning
Grade 05 o7 09 11 o4 06 08 10 12
N = 102 99 80 78 gl 103 100 75 T2
Chronological
Age (nos.) 120 153 184 203 117 12 166 190 22k
1Q 108 117 10 109 109 12 13 1220 120
Estimated Mental
Age (moe.) (CA x
1Q/100 before
rounding) 139 179 201 220 12T 159 187 228 256
Total Score* b2.k S1.7 55.3 55.6 4k.3 534 57.8 TL.2 T3.b4
Component¥*
CF 23.3 271 29.0 29.5 25.6 30.2 32.1 38.2 39.0
SY 5.8 6.7 6.5 T2 51 53 59 6.9 7.5
SU ho6 6.0 6.4 6.4 4.7 5.6 6.7 8.3 8.2
Item Grount#
1 4.3 45 L9 LT 43 5.4 5.5 5.7 5.8
2 14 1.7 21 2.2 3.7 k43 45 5.2 5.2
3 1.2 16 21 2.0 1.8 2.5 2.9 Lo 4.6
b 3.3 L1 38 3.9 2.6 2.6 2.9 35 La
5 30“‘ ‘hO lh2 hos 306 “‘02 “‘02 h‘o'r h.e
6 3.3 4O 3.9 3.6 3.5 4.5 4.7 5.3 5.2
7 09 15 2.0 2.6 2.0 2.2 2.3 3.7 39
8 b 49 46 5.2 2.3 2.5 3.0 L2 U5
9 b3 L7 b6 S22 29 3.3 3.5 3.9 hka
10 3.3 4.3 L2 4.5 2.5 2.7 3. 3.5 3.3
1 3.2 40 41 3.9 2.8 34 39 k9 L7
12 16 10 18 1.3 3.5 3.6 42 48 4.6

*Total score was calculated using scoring formula: R-W/2 + 27.
#iComponent and item group scores are mmber of right answers.
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Development of logical ability with grade (and thus age) can also be
seen in Tebles V-2 and V-3, vhich present the percentages of subjects at
each grade who met the sufficient condition for mastery (at least five correct)
of each principle or combination and vho failed to meet the necessary condi-
tion for mastery (at least four correct). A reminder: Those who failed to
meet the necessary condition are those who marked correctly three or fewer
of the items in an item group. Hence those subjects who marked correctly
exactly four of an item group neither met the sufficient condition, nor failed
to meet the necessary condition. For this reason the percentages do not add
up to 100%, the difference between 100% and the sum of the percentages given
for a given grade being the percentage who marked correctly exactly fowr
items in an item group.

An inspection of these two tables again shows development in logical
ability. Differences among principles, vwhich were apparent in the diffi-
culty index tables (IV-8 and IV-9) and in the sbsolute score teble (V-1)
are agein apparent in these necessary and sufficient condition tables.

These will be discussed under the topic of differential development.

In summary there is quite clearly development of logicel ability in
subjects like those we tested. Even though this was not a longitudinal
study, it would be very difficult to deny the development hypothesis and
still offer a satisfactory explanation of the data.

2. Does the development come in stages?
As indicated earlier, the answer to this question depends upon vhat de-

gree and length of leveling off shall count as a stege -- and this depends
in part upon the general context in vhich the question arises. Hence for
this question there are not only problems of errors and gaps in measurement;
there are also problems of interpretation of the question. We are thus in a
5 yosition only to meke the most tentative suggestions.
ERIC
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Table V-2. Percent Meeting the Sufficient Condition and the Percent Failing to Meet the Necessary
Condition For Masstery of Each Principle at Each Grade ILevel on the Conditional

Reasoning Test.

Percent Failing to Meet the Neces-
Percent Meeting the Sufficient Condition sary Condition

Grades 05 o7 09 11 05 o7 09 11

N = 102 99 80 78 102 99 80 T8
Iten
Group

1 51 56 66 62 30 26 21 22

2 3 6 5 12 92 8o 90 73

3 2 3 b 3 9l 92 89 85

b 30 a1 35 35 5k 36 ] 4o

5 25 hs ko 58 48 38 35 22

6 3k ko 35 33 51 36 b5 b7

7 2 5 11 19 ok 8h 8o 68

8 46 63 T0 9 31 20 13 9

9 53 63 69 81 26 17 23 5

10 26 52 53 58 5k 30 34 23

11 23 40 46 ko 51 37 33 36

12 y |t 1l 0 86 91 93 95




Teble V-3. Percent Meeting the Sufficient Condition &nd the Percent Failing to Meet the Necessary Condition For
Mastery of Each Principle gt Each Grade Level on the Class Reasoning Test.

. Percent Failing to Meet the Necessary
Percent Meeting the Sufficient Condition Condition
Grades ol 06 08 10 12 ol 06 o8 10 12
N = ol 103 100 75 T2 ol 103 100 75 T2
Item
Group
1 56 79 91 92 97 33 10 5 1 3
2 34 4y 55 80 75 4 28 25 4 6
3 5 15 21 L 68 83 66 63 35 g2
h 10 10 15 24 L3 L T2 68- 48 32
5 31 37 46 63 67 ko 24 24 8 17
6 30 56 63 83 85 46 22 19 5 T
(f 5 15 13 35 b7 83 79 73 ko b2 B
8 1 17 2k 37 58 Th 73 58 36 26 ~
9 22 20 29 39 42 63 56 52 37 29
10 10 14 22 28 25 T3 Th 60 L8 5k
11 15 29 39 6k G5 67 50 38 13 19
12 30 26 bt 63 58 ko ks 24 12 20
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Graph V-1 depicts the total score vs. chronological age coordinates
for each test, making use of the means that are presented in Tsble V-l.

The lower line connects the points for the conditional reasoning test, and
the upper line those for the class reasoning test. Since the points are
approximately two years apart in each case, and since there are only four and
five sets of coordinates respectively, the graphs are difficult to interpret.
Do they show stages or not? We find ourselves unsble to give a firm answer
to the question.

However, there is some indirect evidence against the existence of stages
or at least in favor of their being less severe, if they exist. This is
seen in a comparison of Graphs V-1 and V-2. Graph V-2 plots the same total
score means against estimated mental age instead of chronological age. The
points in the mental ege graph come closer to fitting the speculative dotted
straight line than do the points in the chronological age graph. In other
words the degree of abruptness that is found in the chromological age graph
can be at least partially explained by variations in IQ from one grade level
to another.

Naturally this method using estimated mental age is not a precise one,
since it is based upon different tests, and since the relationship between
IQ score and mental age is a matter of some controversy. But the procedure
does seem to have merit, so we used it. One must make some tentative
assumptions.

Even with the mental age adjustment, there is still not exactly a
straight line for either kind of reasoning. The data might be explained
by experimental error or measurement, or the existence of stages of some
sort. Conceivably there are stages for each of the principles of logic.

If 80, they would be masked by this total score treatment. Regrettably we
do not feel thet the data of this study are definitive enough to do more
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Legend: The lower set of points and lines is for the
conditional ressoning test. The upper get is for the
clase reasoning test.

A get of coordinates is plotted for eech grade. Each
point is labeled by the number of its grade level. Source
is Teble V.l.

The plotted points are connected by solid lines. A
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>